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REACTION OATS ENDOWED WITH THE “CANADIAN” 
FACTORS FOR RESISTANCE PHYSIOLOGIC RACE 
OAT STEM RUST 


The Hebrew University Jerusalem, Israel 
[Received for publication January 13, 1960] 


ABSTRACT 
Seedling tests and field observations conducted during 1951-59 various 
regions Israel, under diverse environmental conditions, have attested 
the extremely high resistance oat varieties possessing the so-called 
“Canadian” genes the most prevalent and widespread race oat stem 
rust. Seedlings these varieties inoculated with race become susceptible 
this parasite when exposed 29°C. for all appreciable part 
the incubation period. Subjecting these seedlings 29°C. prior 
inoculation does not affect their resistance. 
INTRODUCTION 
previously reported (10), the population physiologic races 
oat stem rust, Puccinia graminis Pers. sp. avenae Erikss. and Henn., this 
country 1951-56 was featured exceptionally high prevalence and wide 
distribution physiologic race while race was second order 
frequency. Race identification studies, continued over the years 1956-59, 
revealed similar situation. total 135 collections was investigated, 
each collection being represented single monopustular isolate subse- 
quently employed the identification tests. Race constituted per 
cent, and race per cent the isolates. noteworthy that 
1958-59 race dropped per cent, while race rose per cent. 
Most significant seems the fact that species wild grasses belonging 
genera have been found, thus far, harbor race Evidence was 
secured that this race depends wild grasses for its oversummering this 
The predominance the extremely virulent race and its participation 
the recurring, severe epiphytotics gave impetus search for sources 
stem rust resistance that could used the oat breeding program. 
Until recently (1), the only type resistance race recognized 
hexaploid oats was known controlled the factors generally 
referred the Canadian (1, 8), Hajira genes (8, 11, 14). The 
Canadian factors resistance confer adequate protection from race (and 
also from race low and moderate temperatures, whereas above 
28-29°C. the attained protection breaks down (1, 11). the other 
hand, field observations show that varieties endowed with Canadian resist- 
ance factors stand well stem rust onslaught and only very seldom 
their performance this respect disappointing (1, 6). 


1Contribution from the Plant Pathology Division, The Faculty Agriculture, Rehovot, Israel. 
2Lecturer Plant Pathology. 
8Gerechter and Wahl. Unpublished data. 
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MATERIALS AND METHODS 


Israel, the main oat crop planted November and harvested 
mid-June, and is, therefore, exposed high temperatures. Consequently, 
was considered desirable test the protective value the Canadian 
resistance factors the field plots different parts the country, under 
distinctly diverse temperatures, and temperature-control incubators, 
The following varieties and hybrids involving the Canadian genes for 
resistance have been tested. (Figures brackets indicate the year their 
introduction Israel): Canuck (1950), 2116 (1950), 2123 
named later Rodney (1950), Garry sel. 1692.27 (1953), Vicar (1957), 
2278 (1957), Burnett (1953), Sac Hajira-Joanette (1952), two 
selections Landhafer (Mindo Hajira-Joanette) designated Minn. 
and Minn. II-47-17, both received 1953, Minn. 1953 313 
and 354 (C. 6909) two selections [Landhafer (Mindo 
Joanette) Andrew], obtained 1956, and Minn. II-50-12, selection 
(Mindo Hajira-Joanette) Clinton] provided 1958. The 
genetic constitution some the aforementioned varieties was reported 
Welsh (12), Welsh and Johnson (14), Welsh and Green (13), and 
Browning (1). 


RESULTS AND CONCLUSIONS 

Field Tests 

Most the enumerated varieties and hybrids have been planted 
annually November dozen more places, from the mountainous 
Upper Galilee, and Huleh Lake the north, throughout the coastal and 
inner plains and Judea mountains the Jerusalem area, the desert regions 
the south (approximately kilometres south Beersheba). map 
Israel indicating the location the field nurseries presented elsewhere 
(10). Each nursery comprised about entries, including varieties 
general susceptibility, such Fulghum, Kanota, and varieties endowed with 
the Richland White Tarter factors for resistance. Reliance was placed 
natural inoculations. First stem rust uredia became visible mid-April, 
and mid-May varieties like Fulghum, Victoria, Bond, Richland and 
White Tartar rusted heavily. The severity infection (percentage 
infected plant area) and the reaction classes ranged from VS. 
striking contrast, only few uredia infection type could 
distinguished that time Canuck, Garry sel., Rodney, 2116, Sac 
Hajira-Joanette, Burnett, Minn. Minn. and Minn. 
Ag. 313 and 354. the beginning June the severity infection in- 
creased noticeably. Small uredia covered epidermis developed profusely 
the two three uppermost internodes. similar disease picture was 
recorded Canada under high summer temperatures (5). Canuck, the 
severity infection amounted per cent the two uppermost inter- 
nodes; Burnett, Garry sel., Sac Hajira-Joanette, and the listed 
Minnesota selections, similar situation was encountered. The inflorescence 
remains practically disease-free; only few pustules type appear 
the basal parts the rachis. Rodney apparently somewhat less resistant, 
was evidenced the presence uredia 2-3 type. 


q 


July, 1960) WAHL—OAT STEM RUST ISRAEL 449 


Greenhouse Tests 

the race identification studies, addition the standard differential 
hosts, Richland, Minrus and Jostrain (or Sevnothree), the following supple- 
mental test varieties were included: Canuck, Garry sel., Rodney, Burnett, 
Minn. and Minn. 1953 Ag. 313 and 354. many 
trials seedlings Vicar, 2278, and Minn. were also tested. 
these investigations, seedlings the first-leaf stage were inoculated with 
cultures derived from monopustular isolates, kept for hours moist 
chambers and subsequently maintained the greenhouse 18-20°C. 
all trials conducted during 1951-59, seedlings the listed supplemental 
varieties displayed extreme resistance races and manifested the 
appearance uredia the type 1+. the other hand, isolates race 
innocuous the seedlings the mentioned varieties from November 
mid-May, frequently become distinctly virulent the greenhouse tests 
the summer months. view the reported breakdown the Canadian 
resistance about 29°C. (6, 11), was presumed that the susceptible 
reactions exhibited the seedlings summer should attributed the 
high seasonal temperatures. This assumption was confirmed experimentally 
since seedlings Canuck, Garry sel., Rodney, Burnett and the specified 
Minnesota selections harboured type uredia when inoculated with race 
and incubated 29°C. temperature control chambers equipped with 
adequate source light. 


The effect maintaining seedlings growth chamber 29°C. for 
various lengths time prior inoculation during part the disease 
incubation period the indicated growth chambers was studied. The data 
Table show that exposing the host 29°C. prior inoculation does 
not alter its response race Susceptibility can produced when high 
temperatures affect the particular variety-race interaction and cause changes 
that render the host susceptible race These shifts reactions can 


TABLE 1. — INFECTION TYPES PRODUCED BY OAT STEM RUST RACE 6 ON THE SEEDLINGS OF 
THE SPECIFIED VARIETIES MAINTAINED AT 29°C, FOR DIFFERENT LENGTHS OF 
TIME PRIOR TO INOCULATION, OR DURING DISEASE INCUBATION 


Duration 
exposure Duration exposure 29°C, 
29°C. prior during the incubation period 
Variety inoculation 
(in hours): (number days): 


‘Infection types are those of Stakman et al. (9) 
preceding brackets denote the infection type; figures brackets indicate the duration the entire 
incubation period (number of days). 


of 
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induced even when the inoculated plant subjected 29°C. only for 
certain part the incubation period. 

Similar results were reported other investigators. Forsyth (2) 
ascertained that temperature may modify the seedling reaction 
McMurachy wheat race 15B stem rust only during the 3-4 day 
period following inoculation. Green and Johnson (4) found that increased 
susceptibility some wheat varieties specific stem rust races should 
attributed the effect high temperature the particular “host-parasite 
complex”; neither component will alter the host reaction submitted alone 
high temperature treatment. Roberts and Moore (8) proved that the 
effect high temperatures the resistance the factors stem 
rust race strictly confined the infected plant parts subjected 
high temperature influence. 

conclusion may stated that the so-called Canadian factors (or 
factor) for resistance oat stem rust race confer valuable protection 
under diverse environments high elevations, coastal and inner plains 
and deserts. The afforded resistance lasts until full ripening, factor 
great importance view the related findings (3) that reduction 
injury oat plant tissue, even several days before harvesting, likely 
decrease the crop appreciably. For these reasons, the Canadian genes for 
resistance have been incorporated into our oat breeding 
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EFFECT CLIPPING VARIOUS HEIGHTS 
CHARACTERISTICS REGROWTH REED CANARYGRASS 
(PHALARIS ARUNDINACEA 


Davis 
Canada Department Agriculture, Agassiz, British Columbia 


{Received for publication December 1, 1959] 


ABSTRACT 


Reed canarygrass, (Phalaris arundinacea L.) grown under greenhouse 
conditions was clipped stubble heights and inches. Ten 
inches regrowth was permitted the plants for each treatment. The 
effects these treatments were studied relation the regrowth interval, 
yield, growth characteristics and quality. 

The data disclosed that fewer days were required produce inches 
regrowth for the and 5-inch heights and consequently larger 
number clippings were obtained over given period time for these 
same treatments. This increase the number clippings resulted 
greater total yields dry matter. Yield dry matter was positively 
correlated with the number tillers per plant. 

Leaf measurements showed that the leaf growth reed canarygrass 
complete when the base the leaf free the sheath. Branching from 
nodes occurred for all treatments but most frequently for the taller heights 

Chemical analyses for lignin and nitrogen indicated that clipping the 
and 5-inch heights was not detrimental the quality the forage. 

INTRODUCTION 

Reed canarygrass, Phalaris arundinacea L., widely distributed 
North America (8) and has been used for forage this continent for over 
100 years For the greater part this period harvesting mature 
stage for hay has been the principal method utilization. This method 
utilizing reed canarygrass gradually being replaced, particularly areas 
intensive dairying, pasture and silage harvested immature growth 
stages. These changes methods utilization give rise need for 
fuller understanding canarygrass with respect its recovery, 


quality, and yield when subjected intensive management practices. 


The work Arber (2) disclosed that extravaginal nodal branching 
occurred frequently with reed canarygrass. Evans and Ely (8) their 
study found that nodal branching occurred late summer and that aug- 
mented the leaves culms. leaf growth studies with timothy and 
crested wheatgrass (11, 15) was determined that only leaves not fully 
emerged from the sheath resumed growth after cutting. The effects 
cutting orchardgrass were studied Stapledon and Milton (18) and 
was determined that the number tillers and subsequent production 
decreased relation the severity defoliation. Working with the 
same grass Sprague and Sullivan (17) found that while soluble carbo- 
hydrates were reduced following defoliation, with 5-week cutting interval 
these losses were replenished. Brougham (4) related the rate grass 
regrowth the intensity its defoliation and its subsequent photosynthetic 
activity. this latter respect Klapp (10) classed reed canarygrass 
having little resistance defoliation due leaf poor stubble. 


chemical studies forage grasses was found several workers 
(12, 13) that lignification was progressive with maturity. Phillips 
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(14) found that the nitrogen content eight grasses, including reed canary- 
grass, declined with maturity and that this decline was negatively correlated 
with lignification. the present study reed canarygrass was defoliated 
five stubble heights and the relationships regrowth these harvesting 
practices were examined. 


MATERIALS AND METHODS 

Reed canarygrass, Ottawa sel. 1133-7, was seeded October 10, 1957, 
1-gallon glazed crocks greenhouse. When inches tall, days 
after seeding, the plants were thinned plants per pot. randomized 
block design with nine replications was used with single plot consisting 
one pot plants. During the harvesting phases the experiment the 
temperature was maintained 70°F. and day length hours was 
provided using supplementary light from two offset rows 150-watt 
internal reflector type incandescent flood lamps, spaced feet apart within 
rows and feet between rows. 

Treatments consisted clipping five stubble heights, viz., 
inches. Each treatment was permitted produce inches 
regrowth between successive clippings. The harvested material from each 
clipping was dried 100°C., with forced ventilation, reweighed, ground, 
and analysed for nitrogen (3, 16). The other sample was air dried with 
forced ventilation, and ground. Cuts were composited and analysed for 
lignin the Plant Science Department, University British Columbia, 
Vancouver, B.C., the method Ellis al. (7). effect clipping 
upon leaf extension was determined marking leaves. The extent 
extravaginal branching was noted and tiller production per plant was 
recorded each harvest. Harvesting commenced days from seeding 
November and was terminated 126 days from seeding February 13. 

the statistical analysis the data, statistical significance was deter- 
mined Duncan’s method least significant ranges (6). 


RESULTS AND DISCUSSION 
Increasing the height stubble from inch inches 1-inch 
increments (with constant height inches regrowth permitted each 
treatment) resulted one more clipping being obtained for the 3-inch 
stubble, and two more clippings for the and 5-inch stubble heights than 
were obtained for the and 2-inch stubble heights (Table 1). The data 


TABLE 1.— AVERAGE NUMBER DAYS REQUIRED ATTAIN INCHES REGROWTH 
BETWEEN SUCCESSIVE CLIPPINGS FOR FIVE STUBBLE TREATMENTS 


Stubble Clippings 
days 
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TABLE —AVERAGE YIELD DRY MATTER AND AVERAGE NUMBER TILLERS PER PLANT 
FOR REED CANARYGRASS CLIPPED FIVE STUBBLE HEIGHTS WITH CONSTANT 
REGROWTH INCHES FOR EACH TREATMENT 


Height Total Total yield Tillers per 
stubble height dry matter plant 
forage 
inches inches grams per plot 
10.7ab 
10.9a 
6.6d 
S.E. mean 


Different lower case subscript letters after values indicate that they are significantly different at the 5% level” 
The same subscript letters indicate no statistical difference. 


also show that, the height stubble was increased, the number days 
required produce inches regrowth was reduced, this reduction 
being sustained spite the more frequent defoliation. 


The increase the number clippings the and 5-inch stubble 
heights resulted corresponding increase the yield dry matter over 
that obtained for the other heights. Similarly the average number tillers 
per plant was greatest for the and 5-inch stubble heights (Table 2). 
The correlation coefficient obtained between yield dry matter and the 
number tillers per plant was +.713 45) significant the 0.01 level. 
These findings indicate that close defoliation detrimental reed canary- 
grass. the same time they indicate that the harmful effects frequent 
defoliation can offset cutting the stubble inches and thus 
ensuring that sufficient photosynthetically active tissue left meet the 
needs the plants for carbohydrates. agreement with the find- 
ings Brougham (4) respect the relation rate grass regrowth 
defoliation and photosynthetic activity. 


The study tillering revealed that when the culms were cut 
either the stubble deteriorated and died continuing growth was weak. 
This was also true the 2-inch height cutting but lesser degree. 
For both heights future growth was dependent largely upon new tillers 
from crown buds. the other heights both tillering and growth from 
the culms occurred freely. 


was evident from leaf measurements that leaf growth was complete 
for reed canarygrass when the base the leaf was free the sheath. 
Conversely, leaves that were not free the sheath when clipped continued 
grow, with the exception those instances previously mentioned when 
the culms deteriorated. ‘These observations are agreement with findings 
for timothy and crested wheatgrass (11, 5). 

Extravaginal branching branching from the nodes occurred all 
heights stubble but less freely the and 2-inch stubble heights. 
Occasionally two branches occurred one node, and practically all 


edt 
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TABLE 3.—THE LIGNIN! AND (EXPRESSED PER CENT DRY MATTER) COM- 
POSITION REED CANARYGRASS CLIPPED FIVE STUBBLE HEIGHTS 


Height Total 
height Lignin Nitrogen 
stubble forage 
inches inches per cent per cent 
4.60b 
4.97a 
14.60c 5.04a 
S.E. mean 


IDetermined as a composite of clippings 

2average for clippings and replications 

Different lower case subscript letters after values indicate that they are significantly different at the 5% level. 
The same subscript letters indicate no statistical difference. 


instances nodal branching was compound and occurred repeatedly these 
newly formed branches, giving the plants characteristic fasciculated ap- 
pearance. Nodal branching occurred this study materially increased 
the amount photosynthetic tissue and this respect agrees with the field 
observations reed canarygrass this region. 

The data for chemical analyses (Table show that the plant material 
from the and stubble treatments was less lignified than the plant 
material from the and 3-inch treatments. The treatment did not 
differ significantly lignin content from either the 3-, 5-inch treat- 
ments. The data for nitrogen indicate that the 2-inch treatment was 
significantly lower than the other treatments. correlation coefficient 
45) significant the 0.05 level was obtained between the 
nitrogen content and lignification. 

Using lignin and nitrogen estimates quality evident, from 
the data Table that the quality the plant material was not reduced 
cutting the greater stubble heights spite the greater total height 
the plants. This finding can related the more rapid growth which 
occurred the and stubble heights (Table 1). this respect 
agrees with the findings Norman (12) and Patten (13) that lignification 
progressive with maturity. 

The differences degree lignification found among the stubble 
treatments may have significance from the standpoint animal feeding. 
the same time evident that, under controlled environmental con- 
ditions, increased yields dry matter can obtained from reed canary- 
gtass without sacrificing quality, harvesting total height 
inches with stubble height maintained inches. The findings 
this study emphasize the need for fuller knowledge the response 
this species specific methods utilization and management practices. 
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ECONOMIC LOSSES CAUSED WEED COMPETITION 
MANITOBA GRAIN FIELDS. 
WEED SPECIES, THEIR RELATIVE ABUNDANCE AND 
THEIR EFFECT CROP 


The University Manitoba, Winnipeg, Manitoba 


{Received for publication December 1, 1959] 


ABSTRACT 


Economic losses caused weed competition Manitoba grain crops 
were studied 142 farm fields during 3-year period, 1956 1958 
inclusive. Fields were located intervals miles along main roads and 
were all within 60-mile radius Winnipeg. Immediately after seeding, 
ten paired plots, each feet square, were staked each field. One member 
each pair plots was kept free weeds hand pulling weekly 
intervals. The species weeds present and the relative numbers were 
recorded. the crops reached maturity square-yard sample from each 
plot was harvested for yield determinations. 

Twenty-eight species weeds were found growing the Weed 
counts ranged from the cleanest field 2,143 weeds per square yard 
the weediest field, with over-all recorded average 224 weeds per 
square yard. Reductions crop yields due weed competition in- 
dividual fields ranged from apparent decrease 61.5 per cent. The 
average reduction crop yields for all fields over the 3-year period was 
15.25 per cent. This represents average annual loss Manitoba 
28,657,070 bushels grain, valued approximately $32,379,537. 


INTRODUCTION 

all previously published data losses caused weeds the greatest 
single loss attributed reduced crop yields. Estimates crop losses due 
weed competition have usually ranged from per cent total 
crop production. McRostie (11) used the lowest these estimates and 
placed the losses due weed competition Canada $131,500,000. This 
included cereal, row, hay and pasture crops. Anderson (2) also made 
appraisal losses caused weeds Canada. Out total loss 
$468,000,000, $249,000,000 were attributed reduced crop yields. His 
estimate losses caused weed competition was based per cent 
total field crop production. Wood (2) placed the losses caused weeds 
the Prairie Provinces Canada $255,000,000 which $166,000,000 
was attributed weed competition the major crops grown the area. 
This was equivalent per cent total field crop production. 

few estimates crop losses caused weeds other countries have 
also been reported. appraising the economic significance weeds 
the United States, Bishopp (4) used figure $1,800,000,000 about 
per cent the total crop value. marked contrast this amount 
estimate given Ahlgren al. (1) who placed the annual losses the 
United States about $5,000,000,000. Estimates crop losses due 
weeds have ranged from per cent England (8) and high 
27.8 per cent India (13). 

The only substantiating evidence for these statements losses caused 
weed competition arises from carefully controlled experiments involving, 

1Contribution from the Division of Plant Science, University of Manitoba, Winnipeg, Man. 


2Associate Professor, Division Plant Science. 
3Chairman, Division of Plant Science. 
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most cases, only one two weed species. One the earliest experi- 
ments indicate how effectively weeds were competing with growing 
crops was conducted Pavlychenko and Harrington (14). They re- 
ported that heavy infestation wild mustard reduced the yield barley 
22.8 per cent, the yield wheat 44.9 per cent and the yield oats 
45.3 per cent, comparison with clean check plots. Workers the 
Regina Experimental Farm (3) and the University Manitoba (6, 
have also demonstrated the serious effect wild mustard competition. The 
competitive effects one more weed species have also been reported 
corn (9), soybeans (15, 17, 18), barley (5, 19), field peas (12) and vegetable 
crops (16). 

Percentage reductions crop yields obtained controlled experi- 
ments may very different from the actual losses that occur farm 
fields. Usually admixture weed species are found any one field 
and these may vary greatly number from location location. order 
secure more accurate estimate the numbers and types weeds found 
under present-day farming methods southern Manitoba and assess how 
these affect crop production, the following crop loss study was initiated. 


MATERIALS AND METHODS 


early April, 1956, sixty locations, each square mile area, were 
marked map southern Manitoba. These locations were spaced 
approximately miles apart alternate sides main roads within 60-mile 
radius Winnipeg. The locations were then visited and the first suitable 
field each section was selected for the experiment. field was con- 
sidered suitable (1) was seeded wheat, oats, barley, flax; 
(2) the farmer’s permission could obtained, and (3) was least 
acres size. total sections were found suitable for the project, 
the other being non-agricultural areas. This method choosing 
fields was used eliminate personal bias. For each field, information was 
also obtained from the farmer the previous year’s cropping practice 
and whether not sprayed for weed control regular farm 
procedure. 


Immediately after seeding, ten paired plots, each feet feet 
size, were staked each field. Stakes feet high (painted white) were 
used opposite corners the plots for ease “spotting” after the grain 
reached full height. The plots were staked two rows five paired plots 
each. Paired plots were spaced paces apart; rows were spaced 120 paces 
apart. One plot each pair was kept weed-free hand weeding 
weekly intervals. The weed seedlings were carefully pulled, placed 
polyethylene bags, and brought the laboratory for counting and identifi- 
cation. The first “weeding” was done when the crops were the 
2-leaf stage and the weeds the seedling 1-leaf stage. The plots were 
visited weekly intervals and late germinating weed seedlings pulled 
required. Weeds were not counted the non-weeded plots but were 
their hand-weeded counterparts. 
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instances where farmer intended spray field for weed control 
was asked miss one row paired plots but spray the other row. 
this way the actual losses were determined from the sprayed plots and 
the potential losses from the unsprayed plots. This was done study the 
effectiveness spraying reducing losses from weed competition. 

the crops reached maturity yard sample from each plot 
was harvested for yield determinations and the data analysed the paired 
comparison test. The protein content wheat and barley was also 
determined the threshed grain determine the effect weed com- 
petition crop quality. Information protein content will reported 
subsequent paper. 

1957 and 1958 the same procedure was followed 1956. 
the 3-year period weed counts were made wheat fields, barley 
fields, oat fields, and flax fields. Yields were recorded only 137 
these fields barley fields were destroyed 1958 because ex- 
cessive weed condition and oat fields were harvested the farmer before 
square-yard samples were removed. 


RESULTS AND DISCUSSION 
Weed Infestations 
total weed species were found infesting the grain fields the 
area studied. The species and the number fields which each appears 


TABLE RELATIVE ABUNDANCE THE MOST COMMONLY FOUND WEED SPECIES* 142 
MANITOBA GRAIN 1956 1958 


Species prevalent (over plants 
per square yard) 
Weed species Number fields 


1956 1957 1958 Total 


Wild mustard (Sinapsis arvensis L.) 
Wild oats (Avena fatua L.) 
Green foxtail (Setaria viridis (L.) Beauv.) 
Barnyard grass (Echinochloa crusgalli (L.) Beauv.) 
Wild buckwheat (Polygonum convolvulus L.) 
Stinkweed (Thlaspi arvense L.) 
Annual spurge (Euphorbia serpyllifolia Pers.) 
Hemp nettle (Galeopsis tetrahit L.) 
Wild sunflower (Helianthus spp.) 
Darnel (Lolium persicum Boiss Hoh.) 
Night-flowering catchfly (Silene noctiflora L.) 
Canada thistle (Cirsium arvense (L.) Scop.) 
Perennial sow thistle (Sonchus arvensis L.) 
Prickly rose (Rosa acicularis Lindl.) 


*Other weed species occasionally encountered were cocklebur (Xanthium italicum Moretti), Russian thistle 
(Salsola pestifer A. Nels.), dandelion (Taraxacum officinale Weber), wild morning glory (Convoloulus sepium L.), 
western snowberry (Symphoricarpos occidentalis Hook.), biennial wormwood (Artemisia biennis Willd.), blue 
lettuce (Lactuca pulchella (Pursh DC.), vetches (Vicia spp.), and volunteer grains. 
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TABLE NUMBER GRAIN FIELDS HAVING AVERAGE WEED COUNTS WITHIN VARIOUS 
DENSITY GROUPINGS, 1956 1958 


Total weeds per square yard Number fields Per cent total 
1.4 
7.8 
9.1 
401 500 6.3 
over 500 9.2 
142 100.0 


TABLE NUMBER WEEDS PER SQUARE YARD MANITOBA GRAINFIELDS DURING 
THE 3-YEAR PERIOD, 1956 1958 


Crop Number per square 
3-year average 
Wheat 69 198 
Barley 320 
Oats 228 
Flax 157 
Average for all crops 142 224 


numbers greater than per square yard are presented Table 
interesting note that wild mustard was prominent weed many the 
fields. This contrary what should expected because the wide 
use 2,4-D and MCPA Manitoba recent years. Wild mustard, how- 
ever, was less severe 1958 than 1956 could attributed 
extremely dry conditions early the growing season rather than the 
effect continued spraying practices. 

The prevalence wild oats increased slightly over the 3-year period. 
Canada thistle and perennial sow thistle appeared more prevalent 
1957 than 1956 1958. was also noted that over the 3-year period 
there was progressive decline the abundance green foxtail, red-root 
pigweed, lamb’s quarters, stinkweed, annual spurge, and couch grass. 

Average weed counts ranged from 2,143 plants per square yard 
the cleanest and weediest field respectively. Since would impossible 
present data weed counts for each field studied, the data have been 
summarized the basis arbitrary density groupings. The density 
groupings and the number grain fields having average weed counts within 
each grouping are presented Table particular interest was the fact 
that only fields had average counts less than weeds per square yard 
(the point which Burrows and Olson (7) indicated losses could occur 
flax) and that 116 fields, 81.7 per cent, had average weed counts 
over per square yard. Burrows and Olson (6) have also presented 
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Flax 

Wheat 
Wheat 
Barley 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Barley 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 


Wheat 
Barley 
Wheat 
Flax 

Wheat 
Wheat 
Barley 
Wheat 
Wheat 
Barley 
Wheat 
Barley 
Wheat 
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Barley 
Wheat 
Wheat 
Wheat 


Flax 
Wheat 
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Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
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Specific weed 
plants per 
square yard 


Wild Oats 


239 
416 


Wild Mustard 


351 
352 


Wild Buckwheat 


Barnyard Grass 


186 


Sow Thistle 


Green Foxtail 


TABLE THE COMPETITIVE EFFECT SEVERAL WEED SPECIES CROP YIELD 


Per cent 


reduction 
crop yield 


Continued page 462 


Year 
1957 16.85** 
1958 12.55 
1958 
1958 9.31 
1956 18.45* 
1958 113 10.92* 
1958 142 125 6.36 
1958 146 12.68 
1956 154 4.57 
1956 162 117 16.12* 
1957 178 104 
1957 225 176 
1957 253 129 
1957 278 179 
1956 315 172 
1956 442 
1958 478 
1958 
1956 2.76 
1957 3.16 
1958 
1957 0.95 
1957 105 
1958 105 
1957 246 207 21.74* 
1957 283 152 
1958 308 194 
1956 314 180 
1957 385 321 
1956 406 
1958 451 
1957 6.20* 
1957 10.50* 
1958 14.78* 
1958 311 172 
1958 6.06 
1956 274 16.29* 
1957 
1958 12.30 
1957 109 
1956 110 8.71 
161 134 4.52 
1956 193 100 
1956 364 338 3.65 
1957 366 268 14.68** 
1957 404 259 15.09** 
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TABLE (Continued) 


Total weed Specific weed Per cent 
Crop Year plants per plants per reduction 
square yard square yard crop yield 
Green Foxtail 

Wheat 1957 465 246 9.16* 
Wheat 1956 572 373 7.03 
Wheat 1956 1383 1283 
Barley 1957 0.90 
Barley 1958 340 328 1.49 
Barley 1957 395 236 
Barley 1958 542 460 5.19 
Barley 1957 867 793 15.07* 
Barley 1956 2143 1595 
Oats 1958 157 135 0.42 
Oats 1957 181 152 4.90 
Oats 1956 240 123 
Oats 1957 263 205 4.23 
Oats 1956 354 278 23.42* 
Oats 1956 540 518 10.09* 
Oats 1957 559 427 4.43 
Oats 1957 610 530 10.98 
Oats 1956 1142 917 
Flax 1957 594 454 


*Reductions in yield significant at the 5 per cent level of probability 
**Reductions in yield significant at the 1 per cent level of probability 


evidence that few weeds per square yard could reduce wheat 
yields significantly. Significant crop losses could therefore expected 
occur about per cent the grain fields this study. 

Average weed counts for the various crops over the 3-year period are 
presented Table Weed counts 1958 were somewhat lower 
compared the previous years. This was probably because drought 
conditions which existed during the spring and early summer that year. 
Barley was consistently the crop while flax was generally the 
least infested. This was not surprising since most the barley crops were 
seeded stubble land whereas flax was either sown well prepared 
summerfallow where delayed seeding was practised. 

attempt was made measure the degree association between 
occurrence various weed species and soil type. This, however, was 
difficult since the weed species appeared randomly distributed 
throughout the area and positive trend was evident. 


Weed Competition 

The presence many different weed species most fields made 
difficult measure the competitive effects single weed species crop 
yields. However, some fields where single weed species predominated, 
may reasonable assume that the major weed was largely responsible 
for crop losses occurring those fields. Data competition, where 
specific weeds such wild oats, wild mustard, green foxtail, etc., make 
more than per cent the total weed population, are presented 
Table readily evident from these data that wild oats, wild mustard, 
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wild buckwheat and sow thistle showed serious competitive effects 
cereal crops and flax. The measured reductions due wild 
probably low relation the actual reductions because the difficulty 
identifying them stage early enough ensure that competition 
had taken place the time they were removed from within the rows. 
Although green foxtail counts were high, yields wheat, barley and oats 
were not greatly affected comparable counts wild mustard 
wild oats. Yields flax, the other hand, were seriously affected the 
presence green foxtail. 

Where perennial weeds are present, comparison hand-weeded 
and weedy plots would not measure accurately the competitive effects 
these weeds. Perennial weeds continue compete with crop even 
though their top growth removed. The field which sow thistle was 
the major weed probably suffered greater yield losses than that indicated 
Table More accurate studies the competitive effects perennial 
weeds have been reported Anderson (2). 


TaBLE YIELDS GRAIN AND LOSSES CAUSED WEED COMPETITION 137 FARM 
FIELDS MANITOBA, 1956 1958. (YIELDS ARE BASED THE AVERAGE PAIRED 
PLOTS PER FIELD) 


Average yield Loss crop yields 
bushels per acre 
Number 
Crop fields 
Weed-free Weedy Bushels Per cent 

plots* 

1956 
Wheat 33.0 5.9 19.00 
Barley 33.4 29.5 3.9 11.68 
Oats 65.0 57.8 10.77 
Flax 13.5 10.4 26.71 
Average all crops 15.73 

1957 
Wheat 29.8 26.1 13.89 
Barley 28.4 4.6 18.05 
Oats** 36.7 1.9 
Average all crops 16.82 

1958 
Barley 35.4 32.8 2.6 8.16 
Oats 51.6 45.6 6.0 12.74 
Flax 17.4 14.0 3.4 21.74 
Average all crops 12.82 

3-year average 

Vheat 29.7 25.4 4.3 15.59 
Barley 28.6 3.6 
Oats $1.4 6.1 10.15 
Flax 11.2 8.5 
All crops 137 


sBased on the average per cent loss for each field 
All oat fields studied 1957 were sprayed for weed control 
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The average crop yields weed-free and weedy plots and the per cent 
reductions yield due weed competition are summarized Table 
Significant reductions yield due weed competition occurred 
the fields. This somewhat lower than the 81.7 per cent anticipated 
the basis weed counts. But, already shown, some weeds are not 
serious competitors others. can seen from the data Table 
where green foxtail predominated, only per cent the fields had 
significant yield reductions. Where wild oats, wild mustard, wild buck- 
wheat and sow thistle were present quantities over plants per square 
yard, out 27, per cent the fields, showed significant yield 
reductions. 

Losses due weed competition varied greatly from field field. 
Yield reductions due weed competition were high 17.2 bushels per 
acre wheat (50.6 per cent), 9.7 bushels per acre barley (61.5 per cent), 
18.6 bushels per acre oats (25.5 per cent), and 5.1 bushels per acre 
flax (45.8 per cent). would expected, greatest reductions were 
recorded very weedy fields and the lowest reductions occurred fields 
having low weed counts. Oats, the average, suffered somewhat less from 
weed competition than did the other crops. The average loss 15.25 
per cent for all crops agrees with estimates Anderson (2) and 
Wood (20). 


Effect Spraying with Herbicides Weed Competition 

observe the effectiveness 2,4-D MCPA reducing weed 
competition, the co-operating farmer was asked spray five paired plots 
and miss the other five, providing intended treat the balance the 
field. Over the 3-year period only co-operators actually sprayed 
instructed. Another farmers either sprayed all the plots or, the few 
instances, by-passed them all. 

the farm fields where five paired plots were sprayed and the other 
five paired plots missed comparison crop yields was made and the data 
are presented Table will noted that spraying reduced losses 
considerable extent, particularly wheat and barley. The average crop 
losses due weed competition were only 10.3 per cent the sprayed plots 
compared 16.6 per cent the unsprayed plots. The average increase 
almost bushels per acre realized through spraying would more than 
compensate for the expense involved such farm practice. Yield 
reductions due weed competition were, however, not completely 
eliminated spraying, probably for one both the following reasons: 
(1) the presence resistant weeds and (2) spraying too late, after some 
weed competition had already taken place. 


CONCLUSIONS 


the losses caused weed competition the fields studied are 
projected the whole Manitoba, then the annual losses for the province 
can calculated. Crop yields the area under study have approximated 
the provincial average and “spot checks” weed counts other parts 
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TABLE CALCULATED ANNUAL CROP LOSSES DUE WEED COMPETITION MANITOBA 
GRAIN FIELDS 


Crop losses due 
Acres seeded weed competition 


Value 

Bushels Total bushels 

per acre for province 
Wheat 2,223,700 4.3 9,561,910 $14,342,865 
Barley 1,600,000 3.6 5,760,000 5,184,000 
Oats 1,854,700 6.1 11,313,670 6,788,202 
Flax 748,700 2,021,490 6,064,470 
Total 6,427,100 28,657,070 32,379,537 
Average 4.5 


*Acreage data obtained from the Dominion Bureau of Statistics 
**Based on the following value per bushel: wheat $1.50, barley $0.90, oats $0.60, and flax $3.00 


the province showed weed populations comparable the area under 
investigation. Therefore, calculations basis seem 
justified. Using the average loss figures recorded the 137 farm fields 
for which yield data were obtained, the losses for the province have been 
calculated and are presented Table would appear that the average 
annual crop losses due weed competition Manitoba exceed 28,000,000 
bushels average approximately 4.5 bushels per seeded acre. 


must recognized that these calculated losses are somewhat con- 
servative. They not include the losses caused weeds those fields 
which were ploughed down because very weedy conditions. Nor 
they include the underestimations where wild oats were present and not 
eliminated from within the rows until some time after competition had 
taken place. Where perennial weeds were present, comparison weed- 
free and weedy plots was, perhaps, more theoretical than real. such 
fields some competition inevitable even though the top growth peren- 
nial weeds removed. The annual provincial loss further underestimated 
the extent that losses occur special crops. 

The average weed count 224 per square yard Manitoba grain 
fields further cause for concern. This approximately twice the average 
number crop plants per square yard usually found grain fields. The 
extensive losses and the large number weeds appearing grain fields 
suggest real need for better weed control methods than hitherto practised. 


ACKNOWLEDGEMENT 


This study was made possible through extra-mural research grant 
from the Science Service, Canada Department Agriculture, Ottawa. The 
responsibility for the many exacting tasks involved the 3-year pro- 
gram was assumed successively former graduate students, Canvin, 
Nakoneshny, and Henne. Their able assistance gratefully 
acknowledged. 


er 
ail 


July, 1960] FRIESEN AND SHEBESKI—ECONOMIC LOSSES MANITOBA GRAIN FIELDS 467 


20. 


REFERENCES 


John Wiley and Sons, Inc., New York, N.Y. 1951. 


Anderson, What weeds cost Canada. Proc. Joint Meeting, West and 


Calif. Weed Control Conf., Sacramento, Calif. 


Anonymous. Weeds farmer’s constant problem. Naugatuck “News Letter” 


1(8):2-3. 1948. 


Bishopp, Value pesticides raising the standards living. Agr. Chemi- 


cals 9(6061):126-127, 129. 1954. 


Blackman, E., and Templeman. The nature competition between 


cereal crops and annual weeds. Agr. Sci. 28:247-271. 1938. 


Burrows, D., and Olson. Reaction small grains various densities 


wild mustard, and the results obtained after their removal with 2,4-D 
hand. Experiments with wheat. Can. Agr. Sci. 35:68-75. 1955. 


Burrows, D., and Olson. Reaction small grains various densities 


wild mustard, and the results obtained after their removal with 2,4-D 
hand. Experiments with flax. Can. Agr. Sci. 35:193-201. 1955. 


Holmes, The cost weeds and the potential value herbicides agriculture. 


Proc. Brit. Weed Control Conf., pp, 


Huntley, Losses caused weeds. Proc. East. Sect. Nat. Weed Comm. 


Kommendahl, T., Kotheimer, and Bernardini. The effects quackgrass 


germination and seedling development certain crop plants. Weeds 
1959. 


McRostie, The losses from weeds. Agr. Inst. Rev. 4:87-90. 1949. 
Nelson, C., and Nylund. Competition effects mustard and foxtail 


millet processing peas, Proc, North Central Weed Control Conf., pp. 41-42. 
1957. 


Pande, Effect weeding the yield wheat. Empire Exptl. Agr. 


21:297-303. 1953. 


Pavlychenko, K., and Harrington. Competitive efficiency weeds and 


cereal crops. Can. Research 10:77-94. 1934. 


Robinson, and Dunham. Companion crops for weed control 


soybeans. Agron. 46:278-281. 1954. 


Shadbolt, A., and Holm. Some quantitative aspects weed competition 


vegetable crops. Weeds 4:111-123. 1956. 


Staniforth, Soybean-foxtail competition under varying soil moisture con- 
ditions. Agron. 50:13-15. 1958. 


Staniforth, W., and Weber. Effects annual weeds the growth and 


yield soybeans. Agron. 48:467-471. 1956. 


Vanden Born, H., and Corns. Studies seed dormancy, plant develop- 


ment and control tartary buckwheat tataricum (L.) Gaertn.). 
control and effects competition. Can. Plant Sci. 39:63-70. 


Wood, What you pay for Country Guide 1954. 


956, 


THE INFLUENCE GIBBERELLIN THE FLOWERING 


Ontario Agricultural College, Guelph, Ontario 
[Received for publication December 18, 1959] 
ABSTRACT 
Application aqueous solutions gibberellin carrots greenhouse 
and muck soils the field Michigan State University, East Lansing, 
Michigan, indicated that five six treatments gibberellin 100 and 
1000 p.p.m., commencing when six eight leaves had 
induced earlier and higher percentage flowering plants. Fewer 
more treatments later stages development resulted slower and later 
responses. Following warm spring gibberellin might used aid 
selection non-bolting genetic lines carrot-breeding program, 
plant populations with bolting tendency respond much more vigorously 
than those which are characteristically non-bolting. 
INTRODUCTION 
Within the past years many the growth-promoting properties 
gibberellin, when applied growing plants and seeds, have been outlined 
detail (1, 7,8). 1956, Lang (5) suggested gibberellin might 
replace the temperature requirements for vernalization biennial 
Three recent papers have reported hastening flowers carrots (Daucus 
carota L.) after gibberellin treatments (2, 7). Wittwer and Bukovac 
1958 (9) noted that periods suitable photoperiod and temperatures near 
the threshold necessary for flower induction several crops responded 
gibberellin treatment entering reproductive phase. This was particu- 
larly evident strains biennial plants that showed tendency behave 
annuals. 1959, Corns (3) reported active de-vernalization effect 
Kharkov wheat result gibberellin treatment the seed. The fol- 
lowing report deals with the effects gibberellin carrots where the 
variables employed were variety and strain, plant age, and concentration 
the chemical. 
MATERIALS AND METHOD 
Greenhouse Experiment 


This was designed test the effect plant age and size carrots 
upon response gibberellin treatment. Chantenay and Imperator strains 
were seeded under glass October 27, 1956. Two strains were chosen 
that had produced less than per cent natural bolters under field conditions 
during the previous summer. The chemical was applied aqueous 
spray 100 p.p.m. acid with wetting agent added. 
January 1957, four plants each variety were sprayed with gibber- 
ellin; these received further treatments January 17, February and 15, 
and March second group plants were first sprayed January 
and later February and 15, and March the fourth February and 
March and the last group only March 

The growing temperature was maintained 60°F. until March, 
after which the night temperature was held 55°F., but the day tempera- 
ture averaged 65°F. higher. Records treatment effects were taken 
May 1957. 

1Part of a dissertation presented to the Graduate School of Michigan State University, East 
Lansing, Mich., partial fufilment the requirements for the degree Doctor Philosophy. 


2Professor of Horticulture, Michigan State University. 
3The gibberellin used these studies was supplied Eli Lilly Co., and Merck and Co. 


468 


i 

3 


July, 1960] DICKSON AND PETERSON—GIBBERELLIN CARROTS 469 


FIELD EXPERIMENTS 
Trial Natural Bolters and Non-Bolters 


April 20, 1957, two strains Chantenay and one Imperator were 
planted muck soil Michigan State University Muck Experimental 
Farm. One strain Chantenay had been shown earlier have hereditary 
tendency natural bolting. The Imperator and the second Chantenay 
strain had been chosen representing genetic lines with little tend- 
ency premature flower stalk formation. Gibberellin solution water 
with commercial spreader added was sprayed concentrations 100 
and 1000 p.p.m. acid equivalent. The first application was made when the 
plants were various different stages growth, ranging from two 
fourteen leaves. The number applications varied from one eleven. 
Observations flowering were taken September 10, 1957. 


Trial Gibberellin Means Selecting True Biennials the Field 


May 1957, 112 experimental hybrid carrot lines were seeded 
12-foot rows muck soil Michigan State University Muck Experimental 
Farm, part carrot-breeding program. Starting June 14, when 
the plants had six seven leaves, 3-foot section each row was treated 
weekly intervals for period weeks, with gibberellin 1000 p.p.m. 
acid equivalent. The remainder the row served control for deter- 
mining the natural flowering tendency each line. Observations the 
results the above treatments were made September 10, 1957. was 
hoped that, many the plants reached anthesis before frost, the lines 
could evaluated for male sterility during their summer growth the field. 

further study the differences effect gibberellin strains 
known bolting tendency, the two Chantenay lines used 1957 were 
planted three replications muck soil. Little natural field induction 
was expected occur following the May 12th planting, the average tem- 
perature after this date was not usually below that required for induction 
flowering nor long enough reduce flowering any appreciable 
number carrots. Commencing June 23, 1958, when the plants were 
the 8-leaf stage, one, three and five weekly applications gibberellin 
100 and 1,000 p.p.m. were made. 


TABLE 1.—FLOWERING INDUCED CHANTENAY AND IMPERATOR CARROTS GROWN UNDER 
GLASS AND SPRAYED 2-WEEK INTERVALS WITH 100 P.P.M. GIBBERELLIN 


Mean seed stalk height No. Reproductive? 
No. leaves 
Treatments Ist spray 

No.! Chantenay Imperator Chantenay Imperator 

1,2,3,4,5 6-8 122 

8-9 150 169 


Treatment No. was Jan. No. Jan. 17; No. Feb. No. Feb. 15, and No. Mar. 
‘4 plants were used per treatment; 14 for the control. 
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RESULTS 
Greenhouse Experiment 


The results presented Table show that, under the greenhouse con- 
ditions imposed, four five sprays gibberellin 100 p.p.m., acid 
equivalent, commencing the 9-leaf stage, produced the most uniform 
flowering. Later fewer treatments all produced some degree stem 
elongation but did not cause all plants become reproductive. For the 
control larger population was employed and stem elongation flower 
induction occurred. The response gibberellin was weeks earlier 
the Imperator than the Chantenay strain. 


FIELD RESULTS 

Trial 

The final observations the effect different numbers treatments 
and times application the field are recorded Table agreement 
with the results noted under glass the previous winter, the earliest induction 
flowering occurred with five six treatments 100 1000 
starting when the plants were the 8-leaf stage and the roots were 
just beginning swell (0.5 centimetres diameter). concentration 
1000 p.p.m. caused more distortion from the natural growth than one 
100 p.p.m. including induction taller and thicker stems the plants. 


TABLE 2.—BOLTING THREE CARROT VARIETIES SEPTEMBER 10, 1957, 
FOLLOWING TREATMENT WITH GIBBERELLIN 


Per cent bolting 


No. No. leaves Conc. 
treatments! treatment p.p.m. Chantenay Imperator 
10-11W 2-4 1,000 100 100 
1,000 100 100 
1,000 100 100 
100 100 100 


2No observation 
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TABLE 3.—RESPONSE 112 CARROT LINES 
SIX SPRAYS GIBBERELLIN 1,000 


No. lines with Total no. naturally 


Response No. lines! natural bolters bolting plants 
Strong 279 
Weak 


lgach line was represented by approximately 100 plants. 
23g out of the 74 natural bolters were in 3 lines. 


TABLE 4.—SEEDSTALK DEVELOPMENT CHANTENAY CARROTS THE FIELD 
FOLLOWING TREATMENT WITH GIBBERELLIN 


Per cent 


Number Concentration Non-bolting line Bolting line 
applications 


Natural GA? induced Natural induced 


100 2.4 0.0 17.1 0.0 
1,000 1.0 12.8 
100 0.0 0.0 15.7 0.0 
1,000 0.0 0.0 11.8 3.4 
100 0.5 10.9* 11.8 16.1* 
1,000 0.0 34.4** 9.9 66.1** 
Check 0.8 0.0 22.4 0.0 


Populations used ranged from 100 — 250 plants per treatment 


1Based on number of plants having seedstalks at least 18 inches long 
Gibberellic acid and its salts 

*Significant at 5% level 

**Significant at 1% level 


This distortion became severe when ten eleven treatments were applied, 
and flowering was earlier than with five six treatments. all cases 
the Chantenay strain with the bolting tendency responded more readily 
than the non-bolting strain the same variety. Treated plants the 
Imperator variety flowered more readily than the non-bolting Chantenay 
line, although had greater bolting tendency without treatment. 
Trial 

Table brief summary the effect gibberellin sprays 112 
different lines recorded. When the final records were taken, im- 
mediately became apparent that lines with natural bolting tendency also 
showed the greatest response gibberellin with elongated stems and flower 
buds their apices, while the other lines had short stems only. Thirty- 
eight lines showed strong response gibberellin and these only nine 
produced natural bolting. Most the lines which showed little 
gibberellin had natural bolters but, observed Table 
there were three notable exceptions. These three lines produced rela- 


high percentage (10 per cent) bolters among the untreated 
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Table summarizes the results the 1958 field experiment. spring 
season that was unusually long and cool resulted higher percentage 
natural bolters than would have been expected warmer year. There 
was difference between five sprays and one three sprays 
but none between the one and three sprays. because the cold 
season, gibberellin could not used isolate the natural bolters 
the treatment rates all plants which would bolt due cold induction 
did spite late planting. The gibberellin induced all the plants 
produce elongated stalks, especially when treated 1000 p.p.m. concentra. 
tion. However, there could assurance that the plants were repro- 
ductive unless the stalks were inches longer, when elongated 
stem develops carrots following gibberellin treatment many cases there 
apparent development floral parts until the stem more feet 
tall (Figure 1). contrast, following cold treatment the visually apparent 
development the umbel occurs much earlier stage. (However, 
microscopic sections were not studied). The author observed some 
plants with stems over feet tall (Figure No. indication umbel 
development, just bud similar carrot with 4-inch stem 
following cold induction. 


DISCUSSION AND CONCLUSION 

There indication that gibberellin might used the absence 
thermal induction identify carrot plants with genetic tendency 
bolt. cool spring areas, seasons when adequate natural induction 
occurs and selection can accomplished, gibberellin does not produce any 
useful results. The small number plants which bolted while sister plants 
did not respond gibberellin was probably due differences genetic 
makeup. high degree heterozygosity was present the material 
treated since the parents the hybrids used the field experiments were 
not inbred lines and bolting appears controlled several genes (4). 
similar explanation could account for the lack bolters few the 
lines responding gibberellin. 


Based upon experience with the carrot varieties and hybrids tested 
these trials Michigan, must concluded that gibberellin cannot 
relied upon produce actual flowering all carrot plants within growing 
season short shorter than that encountered southern Michigan. 
may induce sexually reproductive condition plants are first treated 
the 8-leaf stage but the season not long enough allow flowering 
occur. Also, would not possible use gibberellin for such practical 
purposes testing carrots for male sterility during their first season 
growth the field, although warmer regions with longer season this 
might possible. 


the greenhouse, the temperature kept around 55°F., appears 
possible induce carrot plants flower use five six sprays 
gibberellin 100 p.p.m., the most rapid and uniform response being 
obtained when the first treatment applied plants, the 8-leaf 
stage. Treatment seedling carrots would not permit any selection 
roots and anthesis was obtained earlier than harvesting mature roots 


a 
| 


are stages flower development carrots following treatment, the 
end 4-6 foot seedstalks, No, normal No. flower induction 
gibberellin the and normal induction the 
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from the field and using conventional cold treatments. Furthermore, 
mature stecklings from the field are transplanted into the greenhouse, the 
flowering that follows gibberellin treatment very irregular and saving 
time accomplished over the conventional method weeks’ cold 
treatment. Seedling plants must watered and looked after during 
prolonged growing period the greenhouse while stecklings can stored 
with minimum attention. further disadvantage with gibberellin 
induction the greenhouse the occurrence some sterility the in- 
duced plants (4). 

appears that the only practical use for gibberellin treatments 
carrot production aid selection for the non-bolting genetic 
character warm-temperature areas years when warm spring weather 
encountered. This can definite advantage carrot breeders the 
time first application June, when the plant has six eight leaves, 
would after the completion such natural induction does occur. 
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QUALITY RUSSIAN WILD RYEGRASS SEED INFLUENCED 
TIME AND METHOD HARVESTING 


Experimental Farm, Research Branch, Canada Department Agriculture, 
Swift Current, Saskatchewan 
[Received for publication April 28, 1960] 
ABSTRACT 

study was conducted with Russian wild ryegrass, Elymus junceus 
Fisch., relate seed quality stage maturity the seed time 
harvest and method harvesting. Removal the seed from the seed 
culms immature stage (straight combining), and drying the seed 
immediately after, had detrimental effect the germinability the seed. 
This effect decreased maturity advanced until there was appreciable 
germination loss days before complete maturity. the other 
hand, the seed was left attached the seed culms until dry and then 
threshed (swather method), the loss seed quality attributable reduced 
germination was considerably less. However, seed harvested more than 
days before maturity both methods had rather low 100-kernel 
weight which might reflected lower seed yields. 


INTRODUCTION 

Considerable difficulty harvesting seed Russian wild ryegrass, 
Elymus junceus Fisch., the generally recommended swather method (3) 
has been experienced growers for two main reasons. First, the seed 
shatters readily and must harvested later than the firm dough stage 
avoid excessive seed losses (2, 3). Second, swath recovery often 
difficult impossible because the required wide row spacings for suc- 
cessful seed production (3,6). attempt overcome these difficulties, 
some growers have turned straight combining the crop fairly green 
stage and immediately drying the seed artificially. 

The present study was undertaken determine the influence the 
seed quality Russian wild ryegrass when was harvested different 
stages maturity two methods, one simulating straight combining and 
drying the seed, and the other simulating the swather method. 


MATERIALS AND METHODS 

Seed samples for this study were taken 1958 and 1959 from two 
different fields Russian wild ryegrass seeded rows spaced feet apart. 
One field was established 1956 and the other 1958. 

The experiments were laid out according split-plot design. The 
dates harvest were the main treatments and the methods harvesting 
(straight combining vs. swathing) the sub-treatments. 

Samples, each consisting 5-foot length row, were cut daily. 
Harvesting commenced July 1958, and July 1959, when the seed 
was the late milk early dough stage. The last samples were cut 
July 10, 1958, and July 17, 1959. Later harvesting was necessary 1959 
because moisture conditions were better and the seed matured more slowly. 
The seed was the firm dough stage and shattered readily the last day 
harvest both years. 

One the two samples which were cut each day was threshed im- 
mediately with small laboratory thresher operating speed equivalent 
773 22-inch diameter combine cylinder. The seed was weighed 
immediately and set out dry screen-bottomed trays simulate straight 
combining and drying the seed. 1959 duplicate seed sample was 
artificially dried 90°F. simulate artificial drying. 
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The second sample, cut simultaneously with the first sample each day, 
was placed paper bag and hung dry and then threshed later 
date simulate harvesting the swather method. These samples were 
threshed August. 

Moisture content the seed the time harvest was obtained 
reweighing the straight combined samples when they were dry. 


100 


GERMINATION 


SWATHED 
STRAIGHT COMBINED 
MINIMUM GERMINATION 


DATE HARVESTING DURING JULY 


Percentage germination Russian wild ryegrass seed harvested 
Successive dates 1958 and 1959 two methods. 
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60 -5 -,2 
STRAIGHT COMBINED, AUG. GERM. 


DATE HARVESTING DURING JULY 


Percentage germination August and November Russian wild 
ryegrass seed harvested successive dates 1958 two methods. 


Germination tests all seed samples were made the laboratory. 
1958 two tests were run the seed, one August and the other 
November, with the object determining whether seed dormancy was 
influenced harvesting various stages maturity. 1959 the germi- 
nation test the seed was conducted December and addition emer- 
gence tests were made the greenhouse and 2-inch depth using 
the procedure described Lawrence (4). 

The weight all samples was determined. 


Variance analyses were computed data for germination 1958 
and 1959, emergence 1959, moisture content time harvest both years, 
and 100-kernel weights all seed samples. number correlation and 
regression coefficients were calculated for further evaluation the results. 
Relationships between effects harvesting methods and various characters 
are shown graphically trend lines regression equations. 


EXPERIMENTAL RESULTS AND DISCUSSION 

Statistical analyses computed the germination data indicated that 
there were highly significant differences percentage germination for seed 
harvested different dates both methods both years. There was 
also important interaction between dates and methods harvest. The 
germinability straight combined seed was impaired much greater 
extent when harvested immature state than seed harvested the 
same time the swather method. Figure clearly illustrates the influence 
germination harvesting Russian wild ryegrass seed progressive stages 
maturity these two methods. 


1958 the germination all swathed samples was sufficient qualify 
the seed for Commercial No. grade (1), while only the samples straight 
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OVEN DRIED 


AIR 
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GERMINATION 


DATE HARVESTING JULY 


Ficure Percentage germination Russian wild ryegrass straight combined 
successive dates 1959, and dried two methods. 


combined the last days would qualify for this grade. Samples straight 
combined the first days could only allowed into grade No. 
lower the basis germination, while those harvested the sixth, 
seventh, and eighth day would have been eligible for Commercial No. 

similar trend was evident 1959 when six samples harvested 
the swather method qualified for grade No. better compared only 
one sample harvested the last day the straight combine method. 

highly significant correlation coefficient, +.923, between the 
germination determined August and November 1958, indicates that 
dormancy did not play any significant role impeding germination 
(Figure 2). 

Information obtained 1959 the germinability straight combined 
seed Russian wild ryegrass which was allowed air dry compared 
seed which was oven dried, suggested that straight combined seed could 
readily dried artificial heat 90°F. and air circulation, without 
further reduction germination (Figure 3). 

depth seeding test comparing the 1959 samples which were 
swathed with those which were straight combined and air dried showed 
that the former method produced seed superior quality. Figures and 


show the marked differences emergence for seed harvested these 
two methods. 


Although the emergence from the 1-inch depth was considerably lower 
than the germination for both the swathed and straight combined seed 


and per cent respectively there was indication that emergence 
evaluated seed quality any better than germination. The correlation co- 
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SOWN INCHES DEEP. 
COMBINED AIR DRIED, SOWN INCH DEEP 


STRAIGHT COMBINED AIR SOWN INCHES DEEP. 


° 


GERMINATION 


DATE HARVESTING DURING JULY 


Ficure Percentage emergence Russian wild ryegrass seed harvested 
successive dates two methods when seeded two depths. 


efficients between per cent emergence and per cent germination were 
+.891 for the swathed seed and +.980 for the straight combined 
seed. 

The data for percentage moisture the seed time harvest are 
presented Figure The moisture content varied significantly between 
the more mature and immature stages seed development both years. 
Even the last date harvest when shattering was very evident the 
moisture content the seed was per cent, much too high for safe 
storage without drying. 

Association between moisture content the seed time harvest, 
and percentage germination, was quite high for straight combined seed 


Woke 
j 
30 
at 
e* 
a 
—_ 
| 


| 
> 


July, 1960] LAWRENCE—RUSSIAN WILD RYEGRASS 479 


100 


DATE HARVESTING DURING JULY 


Ficure Percentage moisture time harvest seed Russian wild ryegrass 
harvested successive dates 1958 and 1959. 


both years, —.868 1958 and —.960 1959, but inconsistent for 
the seed allowed dry the straw, —.388 1958 and —.766 
1959, 

The 100-kernel weights the seed samples harvested different 
dates are presented Figure Weights seed harvested successive 
dates differed significantly. Seed harvested July and 1958, was 
significantly lighter than seed harvested all other times 1958, while 
seed harvested July and was significantly lighter than the seed 
harvested July and 1958. Similar trends were evident 
1959. Increased seed weight with increased maturity has also been reported 
for timothy (7), crested wheatgrass, western wheatgrass, slender wheatgrass, 
brome, and blue wildrye (5). 

The 100-kernel weights were significantly correlated with: (a) moisture 
content time harvest, —.915 for straight combined samples and 
—.880 for swathed samples; (b) per cent germination, +.945 for 
straight combined samples and +.922 for swathed samples; and (c) per 
cent emergence +.906 for straight combined samples sown inch 
deep and +.960 for swathed samples the same depth. 


Conrad (2) reported that high cylinder speeds, excess 1,250 r.p.m., 
reduced the viability straight combined seed Russian wild ryegrass. 
The material the present study was threshed cylinder speed equi- 
valent 773 r.p.m. combine cylinder. mechanical seed injury 
was observed. Therefore, doubtful the reduced germination the 
straight combined samples comparison the swathed samples could 
attributed mechanical injury. probably resulted from lack trans- 
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SWATHED 


STRAIGHT COMBINED 
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DATE HARVESTING DURING JULY. 


successive dates 1958 and 1959 two methods. 


Ficure 100-kernel weights grams Russian wild ryegrass seed harvested 


location proper nutrient supplies from the seed culms which appears 
necessary ensure complete ripening processes. 


conclusion, the study indicates that better quality seed Russian 


wild ryegrass can obtained when harvesting the swather method 
immature stages than when straight combining immature stages and 
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drying the seed. straight combining practised, good quality seed can 
obtained only during the 3-day period before the occurrence 
excessive shattering, and may dried artificially without loss germin- 
ability. Russian wild ryegrass seed crop harvested immature stages 
either method can expected yield less than the crop harvested just 
prior the stage excessive shattering. 
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QUALITY INTERMEDIATE WHEATGRASS SEED, 
WITH AND WITHOUT HULLS 


Experimental Farm, Research Branch, Canada Department Agriculture, 
Swift Current, Saskatchewan 


for publication January 1960] 


ABSTRACT 

study was conducted the seed two lines Agropyron inter- 
medium (Host.) Beauv. relating the presence absence hulls and age 
seed germination, and the influence seeding depth upon emergence. 

Germinability hulless seed was significantly lower than that hull- 
covered seed, and this difference increased only slightly with increased age 
seed. general, the older the seed the greater was the differential 
between the seedling emergence the two types seed. 

Depth seeding results showed that seedling emergence 
covered seed was far greater than the emergence from hulless seed all 
depths tested. Seedling emergence differences between hulless 
covered seed were much greater than germination differences between the 
two. The possible advantages selection towards more tenacious hull 
are indicated. 

INTRODUCTION 

The hull intermediate wheatgrass, Agropyron intermedium (Host.) 
Beauv., does not usually adhere tightly the caryopsis (3) and therefore 
portion the seed threshes free from the hulls. The resulting number 
seeds without hulls varies greatly from lot one study, involving 
lines, the amount seed without hulls varied from per cent 
from line line, with the mean percentage hulless seed for all the lines 
being per cent (5). Little attention has been given this dehulling 
tendency intermediate wheatgrass despite the recognized importance 


this characteristic certain other grasses (1, 8). 

The present study was undertaken determine the relative perform- 
ance hull-covered and hulless seed intermediate wheatgrass with regard 
germination, age seed, and especially emergence soil. 


MATERIALS AND METHODS 
Seed two lines open-pollinated intermediate wheatgrass, S.C. 3501 
and S.C. 25291, was chosen for the test because wide differences 


TABLE 1.—PHYSICAL QUALITIES SEED LOTS USED 


100-kernel wt., grams 


Seed Age Per cent Per cent hull 
line seed Hull- hulless hull-covered 
covered Hulless seed seed 
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amount hulless seed and known germinability. Seed the two lines 
harvested different years made the six lots used the experiment. 
Each lot was obtained from threshings done the same machine. 

The proportion hull-covered and hulless seed each the six lots 
was determined hand-separating randomly drawn samples from each 
lot. One hundred kernel weights were then determined each separated 
lot (Table 1). 

The germination each hull-covered and hulless lot was ascertained 
standard petri dish procedure using five-replicated split plot design. 
Hull-covered and hulless seed from each lot was then seeded soil 
greenhouse flats 1-, and 2-inch depths according the procedure 
described Lawrence (6). seeding trial was arranged split 
plot design, with four replicates. Emergence seedlings was recorded 
daily. 


TABLE 2.—COMPARISON PETRI DISH GERMINATIONS AND SEEDLING 
EMERGENCE SOIL VALUES) 


Average seedling emergence 


Average 
Seed line 


S.E.M. for 


emergence: 
Means S.E.M. for .99 
germ.: 
hull-covered S.E.M. for emergence: depths .81 
vs. hulless 
1.56 
S.E.M. for emergence: hull-covered vs. hulless Hulless 
Mean Mean 


emergence: 
S.E.M. for .79 
Means germ.: 
hull-covered S.E.M. for emergence: depths 1.34 
vs. hulless 
1.19 
S.E.M. for emergence: hull-covered vs. hulless Hulless 


Mean Mean 
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GERMINATION 


EMERGENCE 


PERCENTAGE PERFORMANCE 


YEAR YEAR YEAR 


YEAR YEAR YEAR 


AGE AND DEPTH SEED 


Final germination of, and seedling emergence from, hulless seed 
intermediate wheatgrass expressed percentage hull-covered seed. 


EXPERIMENTAL RESULTS 

The germination and final seedling emergence data are presented 
Table germination seed with hulls was significantly greater than 
that the hulless seed for all lots except the seed line 
S.C. 25291. There was indication, however, that the germination 
between the two increased with age after the initial difference 
was established. 

Seedling emergence soil from hull-covered seed was significantly 
greater than that from hulless seed for all lots from all depths. The maxi- 
mum seedling emergence from hulless seed was only per cent that 
shown hull-covered seed from any one lot, while fell low 
per cent the 7-year-old seed (Figure 2). the other hand, the 
germination results showed that lot did hulless seed germinate less 
than per cent that hull-covered 

general, the older the seed the greater was the differential between 
the seedling emergence hull-covered and hulless seed. has been noted 
previously that age did not similarly affect germination. 

Increased seeding depth also resulted declining total emergence for 
both hull-covered and hulless seed (Table 2), but the decline was greater 
for the hulless seed than for the seed with hulls, particularly the 
depth (Figure 2). would appear that the critical depth which the 
weaker seedlings from hulless seed longer emerged was about inches, 
while the critical depth for the weaker seedlings the hull-covered portion 
was somewhat deeper level. The rate seedling emergence for 
covered and hulless seed within lots was not substantially different. This 
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similarity indicated the curves shown Figure which plot the daily 
total emergence completion. 


DISCUSSION 


Despite the initial differences the two lines for viability and occur- 
rence hulless seed, their similarity relative performance hull-covered 
seed vs. hulless seed was shown. The superiority seed with hulls over 
hulless seed emergence potential, all seed ages, and from all seeding 
depths, indicates the apprehension with which intermediate wheatgrass seed 
containing large percentage hulless seeds should regarded. This 
particular importance since the poor quality hulless seed not 
adequately indicated germination results. 


The dehulling tendency intermediate wheatgrass also primary 
economic importance when considered that the occurrence hulless 
seed may high per cent and that the emergence from this hulless 
seed may only about half that hull-covered seed. The possibility 
developing strain with more tenacious hulls was indicated Heinrichs 
(5) when obtained significant correlation coefficient +.529 for 
hulless seed between selected clones and their polycross progenies. 
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INHERITANCE RESISTANCE WINTER INJURY AND 
ITS CORRELATION WITH CREEPING ROOTEDNESS 


for publication December 1959] 


ABSTRACT 


analysis scores for winter hardiness population plants 
alfalfa, derived from Medicago falcata media Pers., indicated that 
most the genotypic variation was non-additive. The genotypic cor- 
relation between winter hardiness and creeping root was found 
0.38, increased winter hardiness being associated with increased creeping 
rootedness. 

INTRODUCTION 


Although well known fact that cold hardiness differences exist 
between varieties and lines alfalfa well other crops [Peltier and 
Tysdal (8) and Levitt (4)], there appear reported analyses the 
genotypic variation within populations under selection. This paper pre- 
sents analysis data from populations alfalfa, originating from 
Medicago falcata Medicago media Pers. crosses, and which formed the 
basis the very hardy Canadian variety Rambler [Heinrichs (1) and Hein- 
richs and Bolton The significance the analysis relation 
breeding programs briefly discussed. 


MATERIALS AND METHODS 

The alfalfa material under consideration the same that studied and 
analysed for the creeping-rooted character Morley and Heinrichs (7). 
The plants were scored for winter injury the basis three values: 
injury; some injury but not death; death. The data 
analysed were the mean scores for plots containing from low 
high plants. 

The experiment consisted two replicates each containing row plots. 
The plants each plot were all derived from particular cross and were 
full sibs. These full sibs were arranged groups with one parent com- 
mon, the relationship between plants within groups being that half sibs, 
except where plants were full sibs, were individuals within plot. The 
analysis followed that Kempthorne (3, Section 20) with modification 
suggested Morley (6), using model which all variables are assumed 
random. 


contribution from Research Branch, Canada Department Agriculture, and 
Division Plant Industry, Australia. 
Forage Crops Section, Dominion Experimental Farm, Swift Current, Saskatchewan. 
3Geneticist, Division of Plant Industry, Commonwealth Scientific and Industrial Research 
Organization, Canberra, Australia. 


TABLE 1.—ANALYSIS OF VARIANCE OF WINTER INJURY PLOT MEANS 


Replicates 0.0000 
Common parents 0.1106* 
Variable parents common parents 121 
Common parent replicate interaction 0.0485* 


Residual 121 0.0313 


*P. less than 0.05. 

Note: Common parent and variable parent replace sire and dam respectively in Kempthornes notations (3). 
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TABLE 2.—ESTIMATES COMPONENTS VARIANCE AND COVARIANCE 


Component Creeping root Winter injury Covariance 
Replicate 0.001 0.0000 0.000 
Cov half sibs (HS) 0.091 0.0037 0.016 
Cov full sibs (FS) Cov (HS) 0.062 0.0144 0.003 
(common parents rep. interaction) 0.004 0.0038 0.000 
Residual 0.184 0.0313 0.023 


TABLE 3.—MODIFIED ANALYSIS COVARIANCE 


Mean Squares 


d.f. Creeping root Winter injury Covariance 
Between replicates 0.2000 0.0000 0.0000 
Between crosses 154 0.4877* 0.0710* 0.0597 
Residual 154 0.1841 0.0350 0.0221 


*P. less than 0.001 


RESULTS AND DISCUSSION 


The analysis variance for cold hardiness given Table 

From this analysis and the expectations mean squares given 
Morley and Heinrichs (7), the components variance were estimated. 
They are shown Table along with those for the creeping-rooted 
character (7). The components covariance for winter injury creeping 
rootedness were calculated and are presented the last column Table 

Several correlations may estimated from these components but ob- 
viously sampling errors must large for some that the values obtained 
can have little meaning. Accordingly simple two-way analysis was made 
and this presented Table 

From Table genotypic correlation may estimated subtracting 
the residual mean square cross-product from that between crosses. The 
genotypic correlation then is: 


This positive correlation indicates that increased cold resistance associated 
with increased creeping rootedness. 

The most important feature the variance analysis shown Table 
and the components variance and co-variance Table the fact that 
for winter injury the estimate Cov (FS) Cov (HS) much larger than 
that Cov (HS). This indicates that considerably less than half the geno- 
typic variance additive for winter hardiness compared being pre- 
dominantly additive for the creeping-rooted character. Thus, the winter 
hardiness character cannot expected responsive mass selection. 

Such result not wholly surprising, when one considers that natural 
and artificial selection winter hardiness must have been especially severe, 
over many generations, both parents the original material [Heinrichs 
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result one might expect most additive genotypic variance 
have been fixed. the other hand, selection for creeping root was 
recent origin the material derived from the Medicago falcata media 
crosses and would have been negligible non-existent the Ladak parent 
and probably relatively low intensity falcata, judged the 
heterogeneity evident that material. Therefore, the finding that geno- 

variation for creeping root was entirely additive was expected 
the light the suggestions Sprague and Tatum (9). authors 
found that highly selected material, but not what they termed un- 
selected material, the variance general combining ability (the additive 
portion) was small relative that specific combining ability (non- 
additive). discussed Matzinger al. (5) the situation 
not entirely clear. 


The interpretation this result terms selection programs 
complicated the fact that the degree winter hardiness this material 
probably far greater than that necessary breeding material designated 
for moderate environments. Under such conditions genotypic variance 
may well more predominantly additive. The material under considera- 
tion was designated for the development creeping-rooted and winter- 
hardy alfalfa for the Canadian prairie, environment demanding, far more 
than most, ability survive extreme cold and drought. 


The crucial question is, then, whether not selection for creeping root 
likely result decline winter hardiness increase. The 
positive genotypic correlation +.38 found the material under con- 
sideration indicates that selection for increased creeping rootedness will 
probably accompanied increased hardiness. However, the positive 
correlation could possibly obscure independent even negative relation- 
ship since the characters were “in coupling” the parental material, and 
some linkage between polygenes could remain these early generations 
and backcrosses. Nevertheless, the small amount additive genotypic 
variance for the winter hardiness character reinforces the viewpoint ex- 
pressed Morley and Heinrichs (7) that selection programs should include 
some form progeny testing along with mass selection. 
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THE INHERITANCE MATURITY 


Canada Department Agriculture, Morden, Manitoba 
[Received for publication December 16, 1959] 
ABSTRACT 
Days from seeding silking and days from seeding pollen shedding 
were used measures maturity the parents, their Fi, and the 
back-crosses the both parents the cross Mt42 WF9. Readings 
were taken individual plant basis. Results indicated the existence 
partial phenotypic dominance for earliness. Heritability estimates were 
very low, probably due the lack agreement between the hereditary 
behaviour the two characters and the basic assumptions the formula 
used. genetic analysis the partitioning method the two characters, 
days silking and days pollen shedding, indicated that Mt42 and WF9 
differed four effective factors and that all the factors for increased 
earliness were located the line. genetic model was constructed 
which appeared satisfy the data for characters. 
INTRODUCTION 

western Canada and northern sections the United States very 
early maturing corn hybrid essential for successful corn production. 
Late maturing, unadapted hybrids are often grown order take full 
advantage the entire growing seasons. This sometimes results higher 
returns per acre, because the late maturing varieties have higher potential 
More frequently severe losses occur because frost damages the crops 
before maturity reached. 

Hybrids are required that combine the early maturity the northern 
inbred lines with the higher yielding ability and superior plant characters 
the central corn-belt lines corn become important crop 
western Canada and the northern parts the United States America. 

This study was designed provide information the nature the 
inheritance maturity corn, facilitate the development superior 
corn hybrids for the northern areas. 


REVIEW LITERATURE 

Hayes and East (4) and Emerson and East (3) were among the first 
workers study the inheritance maturity corn. They reported the 
intermediate maturity between the two parents. Warner (12) 
noted heterosis for earliness, while others (1, 13, 14) found earliness 
either partially completely dominant. Emerson and East (3), 
Zoebisch (14) and Agble (1) found transgressive segregation for earliness 
the crosses which they studied. Evidence dominance and epistasis 
were obtained Lindstrom (6) and Warner (12). 

Emerson and East (3) stated that the multiple-factor hypothesis 
furnished satisfactory and simple interpretation their results study 
maturity corn. However, the number genes differentiating lines 
which differ quantitative characters such time maturity has been 
source controversy for many years. Rasmusson (10) stated that the 
Svalof geneticists supported the view that 100 200 genes condition 
quantitative inheritance rather than relatively small number 20. 
This view was not substantiated later studies different workers 
large number quantitative characters. 

1Contribution No. from the Research Branch, Canada Department Agriculture, Experimental 


Farm, Morden, Man., from thesis submitted partial fulfilment for requirements for the Ph.D. 
degree, University Minnesota. 1959. 


490 


i 
7 


July, 1960] GIESBRECHT—-MATURITY MAIZE 491 


Zoebisch (14) postulated that least six factors governed the ex- 
pression silking time study the progeny the corn cross 
A21 A72. Yang (13) found difference two factors differentiating 
the inbred lines corn which studied. Agble (1) studied the progeny 
two early late crosses corn and both postulated that four 
gene pairs differentiated the parents for silking date. For per cent ear 
moisture harvest indicated difference three gene pairs. 

Bianchi and Maliani (2) study corn found the operation 
polymeric dominant genes for early flowering. The parental limits were 
not exceeded and the number genes affecting flowering time was esti- 
mated least three and possibly four five. 

Jones (5) study six early late crosses calculated that the 
minimum gene numbers ranged from five nineteen for silking date, two 
eleven for moisture content ears harvested uniform period after 
planting, and from one fifty-four for moisture content days after 
silking. values for these characters were 11-48, 36-58, and 
22-83 per cent respectively, varying with the individual crosses. 


MATERIALS AND METHODS 

Inbred Mt42 very early maturing line that was selected Minnesota 
from segregating lines obtained from Montana. Inbred WF9 late 
maturing central corn belt line which was developed Indiana. The 
parental inbreds, their and generations and the two backcrosses 
the Mt42 aud WF9 designated and respectively were grown 
Morden, Manitoba. randomized block design with ten replicates was 
grown during 1954. Another five-replicate test was grown 1955. 

Each replicate 1954 included one 30-foot row the two rows 
the and B2, four rows the F2, three rows the P1(Mt42), and, 
due shortage seed, only one row P2(WF9). The same size 
population was grown per replicate 1955 except that only one row 
each parent was grown. 

Corn plants were spaced foot apart rows which were feet apart. 
Blank spaces were replanted with dwarf type sunflowers provide com- 
petition. Sunflowers were chosen fill the missing gaps because 
corn lines were available that were sufficiently distinct from those the 
experiment allow for easy identification. 

The date silking each plant was recorded that day when the 
first silks protruded from the ear. Similarly the date pollen shedding 
was that day when the first anthers the central spike shed pollen. 
Readings these two characters were taken daily. 

The years’ data gave information the possible effect different 
environments the results. The data each year were analysed 
separately. 

Information dominance and gene interaction was obtained com- 
paring the observed means with the calculated means that were obtained 
the formulas given Powers (8). These formulas are based the 
assumption that the gene effects accumulate additively. test the 
normality the frequency distribution was made according methods 
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given Snedecor (11). estimate the number factors differentiating 
the parents, the partitioning method developed Powers (8) was 
applied the data. The formulas given Warner (12) were used 
determine the heritability estimates. 

RESULTS 

The inbred parents Mt42 and WF9 were chosen for this study mainly 
because the large difference maturity between them. This difference 
maturity reflected the comparative dates silk emergence and 
pollen shedding which were 22.2 and 19.2 days for 1954 and 1955 respec- 
tively. The difference days pollen shedding was 22.8 and 19.7 for 
1954 and 1955 respectively. The difference maturity between the 
parents therefore very similar when measured these two characters. 
The data from the parents also indicated that, the average, silking 
occurred 2.8 days later than pollen shedding. 

analysis variance the plot means indicated highly significant 
differences between replicates and between populations all cases. The 
error mean squares were low, indicating the existence good experimental 
conditions. This was also evident from the fact that the coefficient 
variability exceeded per cent only one instance. 

TABLE 1.—OBTAINED AND CALCULATED MEANS AND THEIR STANDARD ERRORS FOR DAYS 


SILKING AND DAYS POLLEN SHEDDING FOR THE 1954 AND 1955 DATA FROM THE CROSS 
MT42 


Mean and standard error 
Character and population 


Obtained Calculated (1) 

Days silking 1954 
Mt42 78.95 .13 
81.66 .15 83.77 .08 
88.58 .12 90.06 .13 
84.19 .13 89.32 .11 86.23 .15 
90.80 .27 94.87 .14 
WF9 101.61 .24 
Days silking 1955 
Mt42 71.48 .16 
78.35 .16 81.05 .12 
75.67 .15 79.70 .12 77.46 .15 
82.03 .26 84.49 .12 
WF9 90.66 .18 
Days pollen shedding 1954 

75.92 .11 
80.62 .13 81.20 .08 
86.47 .12 87.32 .14 
80.98 .12 86.90 .12 83.62 .12 
86.61 .21 92.60 .14 
WF9 98.72 .26 
Days pollen shedding 1955 
Mt42 68.32 .16 
76.28 .15 78.16 .18 
72.48 .13 77.22 .12 74.20 .12 
77.68 .21 82.14 .12 
WF9 87.99 .20 


*(1) and (2) refer to two different formulas used in obtaining calculated means and their standard errors 
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The 1954 obtained mean (Table the for the character days 
silking was significantly less than the calculated mean which indicates that 
there was phenotypic dominance for earliness. However, the difference 
between the and the early parent also was highly significant, which 
shows that dominance only partial. 

The 1955 means for days silking and the means both years 
for days pollen shedding (Table also indicate partial phenotypic 
dominance for early maturity. 

The differences between the obtained and calculated means (Table 
the B1, and populations for days silking 1954 were larger 
than could explained chance. Further, the difference between the 
two calculated means was also significant. 

Similarly, the 1955 data days silking and the data days 
pollen shedding for both years showed that the differences between the 
obtained and calculated means the B1, and also were larger than 
could explained chance. This was also true for the difference 
between the two calculated means the populations. When days 
silking and pollen shedding were converted logarithms the differences 
between the obtained and calculated means the B1, and populations 
were still significant. 

every case the mean values the segregating population fell 
between the mean values the parents Mt42 and WF9. Further, the mean 
any given segregation population approached the mean one the 
other parent accord with the degree genetic relation. 

The frequency distributions (Table for the characters days 
silking and days pollen shedding are expressed terms per cent. 
None the segregating populations had plants that fell beyond the fre- 
quency distribution Mt42 the lower part the curve, nor beyond 
the frequency distribution WF9 the upper part. Furthermore, the 
frequency distribution has the highest percentage plants the 
lowest class and WF9 the highest percentage the highest class. 
results give supporting evidence that the effective factor pairs that condition 
fewer days silking and fewer days pollen shedding came from the 
Mt42 parent, and all the factors for more days from the WF9 parent. 

The frequency distributions the parental inbreds gave satisfactory 
fit the normal curve all instances except for days silking inbred 
1955. However, instance did the populations fit the 
normal curve. 

The percentage values well the estimated number factors 
obtained for the two characters, days silking and pollen shedding, 
are given Table When the obtained data were compared with the 
theoretical Genetic Models given Powers (8), appears that the 
effective factor pairs are isodirectional. This agreement with the 
evidence given the means and frequency distributions. 

Estimates the number factors (Table that differentiate 
silking 1954 range from The majority these, which includes 
least one from each the formulas, suggest that Mt42 and WF9 differ 
four effective factor pairs. These results are substantiated those 
obtained for the 1955 data days silking. 
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TABLE 3.—PERCENTAGE VALUES AND NUMBER OF FACTORS DIFFERENTIATING THE PARENTS 
mT42 AND WF9 FOR DAYS TO SILKING AND POLLEN SHEDDING AS INDICATED BY A NUMBER OF 
ESTIMATES FROM EACH OF THE FORMULAS LISTED 


B2/P2 F2/B2 B1/F1 F2/P2 
Estimate 
Per No. Per No. Per No. Per No. 
cent factors cent factors factors 
Days silking 1954 
4 8.32 | 4 | 
Days silking 1955 
Days pollen shedding 1954 
Days pollen shedding 1955 


The estimates obtained (Table for days pollen shedding sug- 
gested that this character also was controlled least four factors. 

order fit genetic model the data, the maturity the different 
groups genotypes was estimated. This was done the basis the 
genetic information obtained from the partitioning method and from 
study the frequency distributions (Table the different populations. 

The frequency distribution the population for days pollen 
shedding 1954 suggests that portion the plants (25 per cent) this 
population have maturity value mid-way between that the and the 
early parent Mt42. Another group (25 per cent) plants appears 
have maturity value equal the average the and the late parent 
and larger number (37.5 per cent) appear have maturity value 
similar that the (86.47). These correspond the three groups 
non-parental genotypes expected B2, i.e. with and dominants over 
the recessive parent, with means 81.20, 92.60 and 86.47 respectively. 
was also anticipated that 6.25 per cent the plants were similar each 
the and populations maturity. this basis theoretical 
value 87.45 days pollen shedding was obtained, which compares 
favourably with the observed mean 86.61 days. 

The frequency distribution the population fluctuates around 
point mid-way between the early parent Mt42 and the This suggests 
that the majority the genotypes the population have maturity 
value equal the average the and populations. The 
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TABLE 4.—TOTAL VARIANCES FOR DAYS SILKING AND POLLEN SHEDDING FOR 1954 
1955 THE PROGENY THE CROSS MT42 WF9 


Total variances 


Population Days silk Days pollen shedding 
1954 1955 1954 1955 

Mt42 6.46 3.71 3.72 
10.62 5.64 7.76 3.59 
4.37 4.18 4.25 3.66 
14.19 13.36 13.16 9.87 
21.54 21.02 14.54 13.08 
WF9 4.92 6.53 6.13 


frequency distribution also suggests that small percentage the 
population has maturity value equal that Mt42 and another small 
percentage equal that the Fl. theoretical mean was therefore 
calculated the basis that 1/16 the genotypes had maturity value 
equal Mt42 (75.92) and 1/16 maturity value equal (86.47) and 
that 14/16 had maturity value equal the mean the and 
(81.20). theoretical mean 81.20 days was obtained which similar 
that the observed mean (80.62). 

For the F1, and genotypes that are found the population, 
maturity values equal the means the respective F1, and popula- 
tions were used the calculation theoretical mean. Similarly, the 
maturity values that were assigned the genotypes the and 
populations were again assigned these genotypes the F2. This ac- 
counted for 146 the combinations and leaves 100 unaccounted for. 
This latter group contains genotypes with range from one three 
pairs homozygous dominant genes. The genotypes with three pairs 
dominant genes either homozygous heterozygous condition were 
assumed have maturity value equal the average Mt42 and the 
(81.20). Those genotypes with two dominant genes either 
homozygous heterozygous condition were assumed have maturity 
value similar the and those genotypes with only one gene pair 
dominant were assumed have value equal the average the 
and WF9 (92.60). The theoretical mean was thus calculated 
83.22 days pollen shedding which compares reasonably well with the 
observed value 80.98. Similar calculations for days pollen shedding 
1955 and for days silking 1954 and 1955 gave satisfactory fits the 
respective observed means. 


Total variance the parents for days silking and days pollen 
shedding general are slightly higher than that the The size 
the variances the and populations were magnitude that 
compatible with the assumption the additivity genetic reaction. How- 
ever, the variances the population are larger than the variances 
the F2. 
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Heritability estimates for days silking 1954 and 1955 were —26.6 
and —0.5 per cent respectively. For days pollen shedding they were 
30.6 and 31.1 per cent for 1954 and 1955 respectively. 


DISCUSSION AND CONCLUSION 

Maturity measured days silking and days pollen shedding 
ave evidence partial phenotypic dominance for earliness. This was 
indicated the significant difference between the calculated and obtained 
means. Additional support for this conclusion was obtained from the 
relatively low variances the populations. Evidence partial geno- 
typic dominance for earliness was given the information which indicated 
that the factors were isodirectional. 

Evidence that the effective factor pairs which control these two 
characters are isodirectional was obtained from the fact that the means and 
frequency distributions the segregating populations fall between that 
the parents and the accordance with the degree genetic relationship. 
Further evidence this was obtained from the partitioning method and the 
fit the data the different genetic models. 

Interallelic interaction was indicated when the calculated means the 
and populations differed significantly from their obtained means. 
This was also indicated when the two calculated means differed signi- 
ficantly from each other. 

Mather (7) suggested that, when there was interaction between gene 
pairs, different scale measurement should used under which the 
gene pair effects would accumulate additively. This desirable because 
many methods genetic analysis are based the assumption that the gene 
pair effects accumulate additively. However, when days silking and 
pollen shedding were converted logarithms interaction was still present. 
possible that some other scale exists which the gene pair effects 
would accumulate additively. 

Since many the methods used studying the inheritance 
quantitative characters were based the assumption that both the environ- 
mental and the genetic variability were following the normal curve, test 
for normality would value determining the methods that could 
employed making analysis for effective factors. Rasmusson (10) 
interpreted positively skewed frequency distribution indicate geometric 
gene action. However, skewness only rough measure for determining 
the kind gene action. Skewness homogeneous population due 
entirely environmental factors. 

Inbred Mt42 gave satisfactory fit the normal curve for both days 
silking and pollen shedding during both years and WF9 gave satis- 
factory fit the normal curve three out four tests, but the gave 
unsatisfactory fit all instances. The reason for this difference between 
the and its parents not evident. Information gene action could 
not obtained from the fit the segregating populations the normal 
curve, because, indicated, the environmental variability did not follow 
the normal curve all instances. Deviations from normality due genetic 
effects would therefore confounded with deviations which are due 
environmental effects. 
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The results from the two characters, days silking and pollen shed- 
ding, both support the hypothesis four effective factor pair difference; 
therefore appears that they are controlled the same factors. 


Total variances the non-segregating populations, namely, that the 
inbred lines and their F1, are entirely due the effects environment. 
The variances the segregating populations are partly due environ- 
mental and partly genetic factors. Due the lower vigour the 
inbred lines compared the hybrids, the inbreds are believed 
more subject minor differences the environment and thus show greater 
variances. This was true all instances. The variances the and 
populations were magnitude that was expected the basis their 
genotypes, the variances being very high and that the rather low. 
The low variances the probably the result partial dominance 
for earliness. The fact that the variance the was larger than that 
the could explained the basis high genic interaction between 
the few genes for earliness from Mt42 with the preponderance genes for 
later maturity from WF9. This agreement with the evidence from 
the means. 


The low heritability estimates obtained all instances are probably 
due the unusually high variances the populations which turn are 
the result high interallelic interaction. The formulas used calculating 
heritability estimates are based the assumption additivity genic 
effects. Heritability estimates made with these formulas are, therefore, not 
true indication the heritability these characters, because they sug- 
gested non-additive gene action. 


The theoretical means for days silking and pollen shedding agreed 
satisfactorily with the obtained means for each the and 
populations. These theoretical means were derived the basis the 
following hypothesis the phenotypic expression the different groups 
genotypes: 

When all four genes are homozygous dominant, the maturity value 
equal the early parent. 


When all four genes are homozygous recessive, the maturity value 
equal P2. 


When all four genes are heterozygous dominant, the maturity value 
equal the F1. 


Special interallelic interactions are assumed follows: 


(a) When the genotypes have three pairs genes heterozygous condition 
and one pair the homozygous recessive condition, the maturity value 
equal the average the and 

(b) When genotypes have two dominant genes either the homozygous 
heterozygous condition, the maturity value similar the F1. 


When the genotypes have one three pairs genes the 
homozygous dominant condition and when the remaining genes are 
heterozygous dominant, the maturity value equal the average 
and 


When the genotypes have one dominant gene either the 
homozygous heterozygous condition and the remaining ones 
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homozygous recessive, the maturity value equal the average the 
and WF9. 


The satisfactory fit this hypothesis both characters for two 


years lends support its validity satisfactory explanation for the 
frequency distributions obtained for the B1, and populations the 
cross Mt42 WF9. 
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RATE SEEDING AND ROW SPACING 
OAT COMPANION CROP RELATION FORAGE 
SEEDLING ESTABLISHMENT 
Ontario Agricultural College, Guelph, Ontario 
[Received for publication January 1960] 


ABSTRACT 


Nine rates seeding and two row spacings oat companion crop 
were studied relation seedling establishment hay-pasture mixtures 
Guelph. Variations these managements had pronounced effects 
establishment the years during which the studies were conducted. 

Species responded differently the managements with red clover and 
timothy most sensitive, alfalfa and orchard intermediate, and brome grass 
least sensitive assessed the number plants established. Satisfactory 
stands were obtained under oat companion crop 7-inch drills. Re- 
duction the oat seeding rate from the commonly used rate Ontario 
bushels per acre bushels did not reduce oat yields any the 
years which oat yield data were collected. This seeding rate reduction 
allowed the establishment more alfalfa plants with increased seedling 
vigour and provides more assurance for stand establishment. Increasing 
the oat row spacing from inches inches for the 14-bushel oat rate 
reduced oat yields 14.3 per cent but improved alfalfa stands slightly and 
increased the vigour most species. This management might useful 
problem sites and special situations where high levels plant 
population are desired. 


INTRODUCTION 

Most hay-pasture seedings Eastern Canada are made the spring 
and are overseeded with companion crop cereal grain, usually oats. 
Use the companion crop based the premise that this system allows 
the establishment satisfactory forage stand the same time grain 
crop being produced. years favourable moisture supply, this 
practice provides satisfactory stands. However, years inadequate 
moisture when the grain crop lodges, seedings are often thin fail 
completely. 

Investigations have shown that the presence absence oat 
companion crop does not always affect forage seedling establishment the 
same manner. Ahlgren al. (1) obtained better stands 
seeded under pecks oats per acre than where oat crop oats 
pecks were used. the other hand, Lueck al. (5) found 
difference brome stands with companion crop compared with oats 
bushels per acre, and Pendleton and Dungan (6) reported best red 
clover establishment where oat companion crop was used. Although 
Lueck al. (5) found effect companion crop number brome 
plants established the oats did have depressive effect vigour the 
brome seedlings. Hay yield the first crop year where oat companion 
crop was used was reduced red clover Illinois (6) and alfalfa 
Ohio (8). the latter report, the difference was small tests where 
the season favoured establishment. 

Oat seeding rate affected alfalfa stands slightly seasons normal for 
moisture Ohio and appreciably seasons with low precipitation (8). 
Wisconsin (7) oat seeding rate markedly influenced alfalfa and red 


1Professor and Associate Professor, respectively, Department Field Husbandry, Ontario 
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500 


Ed 
Me 
| 
& 
iy 


July, TOSSELL AND FULKERSON—OAT COMPANION CROP 501 


clover establishment sandy soils but had minor effect trials 
heavier soils. the latter trials, favourable spring moisture conditions and 
high weed populations the plots with low oat rates were considered 
have been responsible for the lesser effect oat rate legume stand 
the heavier soils compared with the light soils. Dexter (3) found light 
rates oats superior heavy rates both number alfalfa plants 
established and hay yield the first crop year. Ontario (2) decrease 
oat seeding rate from bushels per acre increased alfalfa hay 
yield the first crop year per cent. 

Increasing the row spacing oats from through inches had 
effect red clover establishment and hay yield seasons normal rainfall 
Illinois dry year, red clover stand and subsequent 
hay yield increased markedly row spacing increased. Oat yields this 
study decreased row width increased. Harper (4) reported superior 
sweet clover establishment with oats rows spaced inches compared 
inches especially seasons with severe summer drought. 


The experiment reported herein concerns possible alterations the 
seeding management oat companion crop means reducing the 
risk obtaining thin forage stands stand failures. Rate seeding and 
width row were studied relation seedling establishment, forage 
yield and composition the first crop year and yield the oat 
companion crop. 


MATERIALS AND METHODS 


Nine seeding rates Simcoe oats varying intervals from 
through bushels per acre were seeded 7-inch drills and four rates 
from half-bushel through bushels per acre 14-inch drills. Treatments 
were arranged split-plot design with row spacings main plots and 
seeding rates sub-plots with four replications. The trial was seeded 
medium textured soil Guelph early spring each years, 1954 
through 1957. hay-pasture mixture Vernal alfalfa Lasalle red 
clover Medon timothy Oron orchardgrass and Canadian brome 
grass pounds per acre, respectively, was seeded all plots 1954 and 
1955. 1956 and 1957 mixture pounds Vernal alfalfa and 
pounds Canadian bromegrass per acre was used. The mixtures were 
broadcast then covered light harrowing. 


The oats were harvested for grain the years. 1956, severe 
lodging the oats soon after heading necessitated removal before maturity 
save the forage seeding. years, just prior harvesting the oats, 
height measurements were taken alfalfa plants each plot index 
seedling vigour. Four sod samples inches taken across the oat 
were removed from each plot October and counts taken the 
number plants established. Two cuttings were taken when alfalfa was 
early bloom the first crop year, except from the 1954 seeding, 
measure the residual effect the companion crop plant vigour. 
Botanical composition the hay crop was determined hand separation 
2-pound grab sample herbage from each plot. 
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TABLE INCHES PRECIPITATION ABOVE BELOW THE 
56-YEAR AVERAGE FOR GUELPH 


Month 1954 1955 1956 1957 56-year 
average 
June +0.13 +0.15 +2.49 2.88 
July —2.20 3.45 


TABLE FOR THE LINEAR AND QUADRATIC RESPONSE ALFALFA AND BROME 
STANDS SEEDING RATE THE OAT COMPANION CROP 7-INCH DRILLS 


Source Degrees Alfalfa Brome 


variation 
freedom 1954 1955 1956 1957 1954 1955 1956 1957 


Linear 104.5* 2.1 4.2 18.1 3.0 
Quadratic 2.6 10.6 10.9 22.5 0.03 0.1 20.9 
Remainder 1.3 0.2 6.6 0.4 2.0 9.9 
Error 4.9 14.3 17.4 0.8 2.4 11.4 9.6 
19.2 19.9 14.3 34.7 15.4 27.4 


*and ** = significant at the 0.05 and 0.01 levels, respectively 


EXPERIMENTAL RESULTS 
Number Plants Established 

The variations from normal precipitation shown Table indicate 
that below-normal moisture was available during the early establishment 
period 1954 and 1955 and above-normal available 1956 and 1957. 

Increasing the oat seeding rate decreased the number alfalfa plants 
the years, the exception being 1956 which was excellent year 
for establishment. The relationship between alfalfa stand and oat seedin 
rate was linear (Table 2). Red responded differently from alfalfa 
the presence oat companion crop. From Table can seen 
that stands with companion crop were markedly superior those under 
oat crop both years. Figure shows the comparative effect the 
oat crop these two species 1955, the year which showed the greatest 
effect companion crop seedling establishment. The lightest seeding 
rate reduced alfalfa stands slightly, all, but reduced red clover stands 
63.6 per cent. Increasing the seeding rate above one-half bushel resulted 
linear but less rapid decline red clover stands. 

Brome stands were not changed the use companion crop 
various rates seeding the companion crop the years 
(Table 2). 1956 quadratic response curve was obtained with one peak 
the half-bushel rate and another the 3-bushel level shown 
Figure significant linear effect was not established 1955 
trend indicated Figures and Orchardgrass showed response 
companion crop rates 1954 (Table 3), but Figure shows that 
responded the same manner alfalfa and brome 1955. Timothy 
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TABLE 3.-NUMBER OF RED CLOVER, ORCHARD AND TIMOTHY PLANTS 
ESTABLISHED PER SQUARE FOOT 


Oat seeding Red clover Orchard Timothy 

rate 

bu./ac 1953 1955 1954 1955 1954 1955 

6.9 9.6 10.4 10.8 3.7 1.7 

4.9 3.5 12.3 12.3 3.9 1.4 

4.7 2.8 11.6 10.8 4.2 1.0 

4.3 2.4 9.0 9.3 3.1 1.5 

4.7 1.2 10.2 9.4 3.0 0.8 

1.8 10.6 7.9 2.4 0.8 

3.3 10.2 8.5 0.4 

2.8 2.0 7.6 7.8 2.5 0.3 

3.5 1.0 7.9 7.6 3.3 0.4 

Mean 4.3 3.2 10.2 9.4 3.3 0.9 

L.S.D. (0.05) 3.0 1.5 N.S. N.S N.S. 0.9 

39.5 37.5 33.4 26.0 39.4 73.6 


TABLE 4.-AVERAGE NUMBER PLANTS ESTABLISHED PER SQUARE FOOT THE 
2-BUSHEL OAT SEEDING RATES 7-INCH AND 14-INCH ROW WIDTHS 


1954 1955 1956 1957 
Species 

Alfalfa 9.2 9.5 12.4 19.6 17.7 25.7 22.1 
Red clover 4.6 4.8 2:5 4.2 
Timothy 3.6 3.9 0.7 
Brome 2.4 2.4 4.8 4.7 21.2 22.5 10.8 11.6 


stands were reduced both years, the reduction being most pronounced 
1955 where the heavy rates oats compared with companion crop 
reduced timothy stands per cent. However, the variability was high 
timothy stands that final conclusions can drawn. 


The number plants established the 7-inch compared with the 
14-inch row spacings are shown Table Row spacing had effect 
the number brome plants established any the years 
timothy plant numbers 1954 and 1955. However, did affect alfalfa 
1954 and 1955 and red clover and orchard 1955. rate row width 
interaction occurred alfalfa the years illustrated Figure 
both years increase oat seeding rate was associated with decline 
alfalfa stand 7-inch drills. the 14-inch drills increase oat rate 
resulted increase alfalfa stand the rate; further 
increase caused drop alfalfa plant numbers. The same trend held 
the 1957 data. 


The 14-inch row spacing favoured red clover establishment markedly 
1955 (Figure although had appreciable effect the previous 
year. Similar stands were obtained all oat rates the 14-inch drills, 
whereas the 7-inch drills plant number declined oat rate increased. 
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Number alfalfa plants per square foot. 
Number brome plants per square foot. 


Percentage establishment each oat rate relative companion 
crop 


Alfalfa plants established the two row spacings the oat crop 
the two dry seasons. 


Red clover and orchard plant establishment the two row spacings 
the oat crop 1955. 


Ficure Height alfalfa seedlings the fall the seedling year. 


orchardgrass (Figure 5), the 14-inch drill width, red clover, produced 
equal plant stands all oat seeding rates 1955. However, unlike red 
clover and alfalfa, the stands the wide rows were not superior those 
narrow rows any oat seeding rate. 


Alfalfa Seedling Vigour 


Heights the alfalfa seedlings from the 7-inch drills are shown 
Figure linear response (Table was obtained when height was 
compared with oat seeding rate each the years which data were 
collected. 1956, the linear component accounted for nearly all the 
variability but the other two seasons the quadratic component was 
significant. 1955, alfalfa height was reduced per cent the use 
the half-bushel rate compared companion crop. Subsequent incre- 
ments oat seeding rate had considerably less depressive effect alfalfa 
height. 1954 similar comparison was made between the and 
oat rates but appeared that seedling height was less affected 
the lighter rates than the heavier ones. 
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Tanz 5. — VARIANCE FOR THE LINEAR AND QUADRATIC RESPONSE OF HEIGHT OF ALFALFA 
SEEDLINGS TO SEEDING RATE OF THE OAT COMPANION CROP IN 7-INCH DRILLS 


Source Degrees 
variation 1954 1955 1956 
freedom 
Quadratic 34.8* 129.1* 6.0 
Remainder 11.9 34.0 
Error 7.3 15.0 4.3 
C.V. 12.2 21.1 


*and ** significant at the 0.05 and 0.01 levels, respectively 


TABLE 6.— HAY YIELD TONS DRY MATTER PER ACRE JUNE THE FIRST CROP YEAR 


Yield mixture Alfalfa component 
Oat seeding 
rate 
bu./ac. 1955 1956 1957 1955 1956 1957 
Seeding Seeding Seeding Seeding Seeding Seeding 


drills 
2.31 2.40 0.54 0.82 1.11 
2.16 2.47 2.47 0.61 1.38 
2.36 2.36 2.72 0.83 1.00 1.98 
2.29 2.44 2.38 1.07 0.94 1.65 
1.97 2.36 2.24 0.70 0.92 
1.81 2.38 0.78 1.05 1.44 
1.76 2.38 2.10 0.83 1.38 
1.80 2.20 2.06 0.79 1.19 1.48 
1.58 2.41 2.39 0.62 1.36 1.54 
Mean 2.00 2.38 0.75 1.11 1.54 
17.0 5.9 11.2 21.4 15.6 18.2 
Mean! 
drills 2.19 2.41 2.45 0.80 1.06 
14” drills 2.38 2.51 2.64 0.75 1.13 1.71 


'Mean over 4, 1, 14, and 2 bushel rates 


The relation between row spacing and alfalfa seedling height shown 
Figure 1955 the wide rows produced taller and noticeably sturdier 
seedlings than did the narrow rows all seeding rates. 1954 row 
width oat rate interaction occurred similar that found 1954 and 1955 
for alfalfa stand. the 14-inch row width alfalfa height was not affected 
oat seeding rate; the 7-inch drills increasing the oat rate decreased 
alfalfa height. difference was detected between row spacings 1956. 
The vigour all species appeared somewhat greater the 14-inch 
drills but data were collected only alfalfa. 


Hay Yield 


Dry matter yields for the complete mixture and for the alfalfa com- 
ponent are shown Table Data from the first cutting only are presented 
because differences did occur here. treatment differences were found 
the aftermath cutting any the years. Seeding rate affected the 
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TABLE VARIANCE FOR THE LINEAR AND QUADRATIC RESPONSE HAY YIELD SEEDING 
RATE THE OAT COMPANION CROP 7-INCH DRILLS 


Yield mixture Alfalfa component 

Source Degrees 
variation 
freedom 1955 1956 1957 1955 1956 1957 

Seeding Seeding Seeding Seeding Seeding Seeding 


Linear 0.041 0.374* 0.001 0.021 

Quadratic 0.043 0.001 0.007 0.002 0.086 0.257 

Remainder 0.034 0.025 0.151 0.096 
Error 0.120 0.019 0.068 0.026 0.035 0.079 

17.0 5.9 11.2 21.4 15.6 18.2 


*and ** = significant at the 0.05 and 0.01 levels, respectively 


TABLE BUSHELS PER ACRE THE OAT COMPANION CROP 


Rate seeding 1954 1955 1957 3-year 
u./ac. mean 
drills 
48.9 51.4 51.0 
60.2 49.6 60.4 56.8 
67.9 55.6 65.0 64.5 
64.5 55.6 63.6 64.1 
67.8 52.8 63.6 61.8 
65.7 47.7 67.4 61.8 
65.0 52.0 60.4 57.4 
67.5 49.4 63.1 59.0 
L.S,D. 0.05 8.2 N.S. 5.0 
11.1 11.0 6.0 
Mean! 
drills 60.4 53.1 60.1 59.1 
14” drills 53.6 45.6 54.4 51.4 


yield the mixture the years and both these years linear 
response occurred (Table 7). The most pronounced effect was the 1955 
seeding where hay yields were similar from the through 
rates then declined. seeding rate had effect forage yield the 
1956 seeding. the 1957 series best yields were obtained from the 
through rates with lower yield the rate and most 
higher rates. 

There was clear cut pattern alfalfa yield relative oat seeding 
rate. significant difference was obtained among treatments the 1955 
seeding. Although the linear component the treatment variance was 
significant the 1956 series did not account for all the variation. Neither 
the linear nor quadratic components were significant 1957 although 
treatment differences were present. all years there appeared 
trend indicating lower alfalfa yields the companion crop level and 
higher alfalfa yield the light rates oats than the medium and usually 
the high rates. 
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Row width did not appreciably affect yields the mixture. Although 
the yield from the 14-inch drills was slightly higher than that from the 
7-inch drills each year significant differences were found. Alfalfa 
yields were similar both row spacings. interaction occurred between 
rate seeding and row spacing. 


Oat Yields 

The oat yield data shown Table indicate that the 7-inch drills 
increased yield was obtained rates increased the level. 
Oat yields higher seeding rates were similar and not superior the 
rate. Increasing the row spacing inches decreased oat 
yields per cent the average over the four rates compared. 
interaction was detected between rates and row spacings although each 
year the difference between spacings was slightly more the higher rates 
than the lower ones. 


DISCUSSION 

Species responded differently variations conditions during estab- 
lishment. Red clover and timothy were the most sensitive, alfalfa and 
orchardgrass intermediate and brome least sensitive. Species reacted differ- 
ently the years. For example, both alfalfa and brome, the general 
level establishment was higher 1955 than 1954 but 1956 alfalfa 
stands were lower than 1957 whereas the opposite held for brome. 
Omission the oat companion crop also affected species differentially, 
with red clover stands showing the greatest response. Increasing the oat 
seeding rate resulted general decrease plants established all species 
except probably brome grass. However, the effect was most pronounced 
timothy. Increasing the oat row width inches resulted inter- 
actions species row widths with rates seeding and years number 
plants established and alfalfa seedling vigour. The fact that such 
interactions involving species were found suggests that generalizations 
regarding seeding practices are not justified and that specific practices must 
established for each species the area which the species 
grown. 

The effects management number plants established and vigour 
the alfalfa seedlings the fall the year establishment were not 
closely hay yield the following year. This possibly due 
the fact that all years good level establishment was obtained, 
probably level high enough provide the plant population needed for 
satisfactory hay yields. The reason for the lower alfalfa component the 
companion crop rate relative low oat rates each the years 
not known. Vigour measurement the other components the mixture 
which were not obtained this study might have provided the answer. 


The main emphasis this study was placed the establishment 
the alfalfa-brome mixture and particularly the alfalfa component this 
mixture. would appear that this mixture can established satisfactorily 
under oat companion crop grown 7-inch rows. Reduction the oat 
seeding rate from the bushels, which commonly used Ontario, 
bushels did not reduce oat yields and the same time allowed the 
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establishment more alfalfa seedlings with increased vigour. Such 
reduction would provide more assurance establishing alfalfa stands under 
adverse conditions. 


the and oat rates 7-inch drills and the low rates 
14-inch drills, considerably more weeds were present than the 
bushel higher rates both drill widths. likely that special weed 
control practices might have introduced the low rates were used 
fields known weedy. Use the 14-inch drills improved alfalfa 
stand and vigour the oat rate bushels but reduced oat yields 
14.3 per cent from the same oat rate 7-inch drills. This management 
might used provide additional stand assurance problem 
might also useful establishing pastures where thicker swards are often 
desired than hay-pasture mixtures and particularly pasture seedings 
which are grazed the year seeding where the additional general 
vigour observed the seedling growth can utilized. 
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GENETIC ANALYSIS POPULATION SHIFTS 
PEDIGREE GENERATIONS LASALLE RED CLOVER' 


Canada Department Agriculture, Ottawa, Ontario 
[Received for publication January 18, 1960] 


ABSTRACT 


The Lasalle variety red clover was constituted blending equal 
parts seed the Ottawa and Dollard varieties the foundation seed 
level. The varieties differ leaf characteristic that 96.4 per cent 
the plants the Ottawa variety carry white mark and only 12.4 per cent 
Dollard are marked. Based genetic study the inheritance 
the leaf mark analysis was made the shifts the different pedigree 
generations when grown under different environmental conditions 
Canada. Seed from growers was analysed with respect leaf mark 
and traced back the original foundation seed lot. When grown the 
Western Canada region there significant shift toward the Dollard 
component, whereas when grown Eastern Canada the component 
varieties remain equilibrium there slight drift toward the Ottawa 
aspects and basic reasons for population shifts are 

iscussed. 


INTRODUCTION 

Genetic shifts cultivated crops are most important when they affect 
the economic value the crop concerned. However, these changes are 
often hard detect cross-pollinated crops because the natural vari- 
ability that exists the population. 

Lasalle red clover was constituted unusual way mechanical 
mixing seed the varieties Dollard and Ottawa. While 
these double-cut varieties have similar agronomic performance under 
Eastern Canadian climatic conditions, they differ botanically leaf 
characteristic. Most the plants Ottawa bear white crescent-shaped 
leaf marking while large majority Dollard plants have leaf mark. 
This dissimilarity provided opportunity ascertain there was genetic 
shift toward one variety the other successive generations Lasalle. 
Seed the variety grown areas 2,000 miles apart under dissimilar en- 
vironmental conditions was available. This was used assess the selection 
pressure imposed such factors climate and differential crop manage- 
ment Eastern and Western Canada. 


LITERATURE REVIEW 
that heritable changes can take place variety when grown 
areas where the environment different from that the region 
origin has led number studies. Results have differed widely even 
when dealing with the same crop. Murphy and Kohli (1) found 
differences importance five parental strains the Ranger variety 
alfalfa among different certified lots. Wisconsin tests Smith and 
Graber (3) and Smith (4) showed that plant populations Ranger, 
after one generation increase the south, produced more tall plants 
and fewer short plants following early fall cutting and were winter-injured 
more than populations from material increased the area adaptation. 
Differences were even more apparent with second generation increase 
the south. Similar studies were made Smith (5) plant populations 
Narragansett and Vernal alfalfa varieties from seed grown widely 


1Contribution No. from the Genetics and Plant Breeding Research Institute, Central 
xperimental Farm, Canada Department Agriculture, Ottawa, Ont. 
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different latitudes. Populations derived from one generation increase 
area considerably south the source origin the variety were 
winter-injured more and showed shift towards larger percentage 
tall plants, following early fall cutting. reverse trend resulted from 
one generation increase considerably north the source origin. 
(8) found that non-hardy red clover, grown Northern 
Sweden for several generations, reacted rapidly external conditions and 
became more winter hardy. The same strain grown another area for 
some generations was lower yielding than the home-grown strain because 
had lost some its resistance clover rot and eel worm. Steppler and 
Raymond (6) observed marked change the relative proportion 
growth types population Lasalle red clover result harvesting 
seed crop Western Canada the year establishment. This seed 
lot had much higher proportion plants which flowered the year 
seeding than was expected Lasalle. 

Wexelsen (7) showed that the presence central red 
clover determined one dominant factor. describes three sizes 
leaf spot extended, large, and small. Small recessive large, and 
extended modified large. Intensity mark controlled least 
two factors. 

MATERIAL AND METHODS 

Preliminary studies were made the Ottawa and Dollard varieties 
order determine (a) the number leaf mark types; (b) the distribu- 
tion the mark the two varieties; and (c) the inheritance the types 
leaf mark. 

was found that the leaf mark character could divided into six 
different types which applied both the Ottawa and Dollard varieties. 
These are shown Figure The leaves having mark are shown 
zero mark. Type dot the midrib the leaflet; Type extends 
either side the midrib but does not make distinct crescent shape; 
Type distinct crescent shape but does not extend the edges the 
leaflet; Type extends the edges the leaflet, while Type also extends 
the edges the leaflet but the crescent very wide, particularly the 
region the midrib. was found all leaf mark types that the marks 
were faint small proportion the population and this was recorded 
the analysis. 


TABLE 1.— DISTRIBUTION OF TYPES OF LEAF MARKING IN POPULATIONS OF FOUNDATION 
OTTAWA AND DOLLARD VARIETIES OF RED CLOVER 


Distribution leaf marking types Total Total 
marked mark 

Ottawa 
No. plants 193 382 191 806 
Percentage 3.3 4.5 22.6 44.7 96.7 3.3 
Dollard 
No.of plants} 684 120 684 


Percentage 85.1 3.1 6.3 15.0 85.0 
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Time 2.— INHERITANCE OF LEAF MARKING BY TYPES FROM BACKCROSS DATA 


Segregation backcross 


Parent type 
marking) Mark mark 
Total 158 164 322 


establish the distribution and inheritance the leaf mark, popula- 
tions 800 plants both foundation Dollard and Ottawa were studied 
the pre-bud stage when each plant had rosette fully expanded 
leaves. All plants were classified according the type leaf marking 
described above. Several plants each type were saved from each variety 
and backcrossed the recessive ‘no mark’ plants from within and between 
the two populations. Backcross families were grown and segregation data 
recorded. Some backcross segregations gave such faint leaf marks that 
classification was difficult. This was overcome some extent growing 
the populations under artificial light more mature stage. The parental 
material used all crosses listed Table The seed lots with their 
pedigrees are given Table 


the main phase the study during 1957 and 1958 field-grown single 
plant populations were analysed for type and frequency leaf markings. 
Thirty-two lots seed from Lasalle red clover representing all classes 
pedigree were examined, together with lots the foundation Dollard and 
Ottawa which had been used form Lasalle foundation seed. These 
populations were grown from control samples* seed produced both 
Eastern and Western Canada. Information was obtained where each 
lot was grown, its pedigree, and the management the field from which 
was harvested. Some the seed lots trace back the first seedings 
Lasalle red clover. 


RESULTS AND DISCUSSION 

Distribution leaf marking the populations foundation Ottawa 
and Dollard varieties are given Tables and three populations the 
Ottawa variety had 96.7, 97.2 and 91.8 per cent marked plants whereas 
Dollard had 15.0, 4.5 and 3.9 per cent marked. Taking weighted average 
the three sets figures, Ottawa had 96.4 per cent marked and Dollard 
had 12.4 per cent. Within the marked population both varieties the 
distribution was essentially the same with the mode being the Type mark. 

Summarized data the inheritance leaf marking types, from 
backcross families, are given Table All five types leaf marking 


sample sample drawn from seed lot behalf the grower, and forwarded 
a district office of the Plant Products Division, Production and Marketing Branch, Canada Department 
Agriculture, for testing. 
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gave segregating data which showed good fit 1:1 ratio. Hetero- 
geneity chi-square analysis indicated that all five classes could pooled. 
The data established that all the classes leaf mark segregate single 
gene basis with the mark dominant. further field studies with different 
generations and seed lots Lasalle red clover, all plants were classified 
the type mark but, since all types mark segregate the same, the 
data are presented the basis ‘mark’ vs. ‘no-mark’. 


Data from individual crosses indicate that factors giving the different 
types leaf mark are alleles. there had been more than one gene locus 
involved, some the marked parents, all probability, would have 
given ratios indicating more than one factor. Examination the backcross 
families indicated that there are genes which modify the ‘expressivity’ 
the leaf mark. When small mark such Type was involved marked 
segregates tended range from Types whereas when Type was 
involved segregates ranged from Types This tendency was more 
pronounced with some ‘no-mark’ backcross parents than with others, 
would expected modifying gene action were involved. 


should noted that segregating families from some the small 
faintly marked types had deficiency the marked class. This was 
reduced considerably growing more mature stage but the deficiency 
was still significant. Since the faint mark types were such small fraction 
the total population, and since only small proportion these crosses 


was classification difficult, very little bias favour the unmarked types 
could added from this source. 


Table the data from the field tests are summarized the basis 
where the seed was produced each generation and the percentage 
‘mark’ vs. ‘no-mark’. The number growers each category seed 
given. Where several growers are involved more weight may placed 
the results. 

Thirty-six lots seed were sampled give population over 5,000 
plants. significant that all generations were derived from the same 
Foundation seed. Hence population differences must attributed 
extraneous selection pressures. The class the seed normally passes from 
one generation the next follows: Foundation Approved Regis- 
tered Certified. Although possible for Approved seed pass 
directly Certified none these seed lots did. 

When the figures 96.4 and 12.4 per cent ‘marked’ plants for the 
Ottawa and Dollard varieties respectively are taken and the gene frequencies 
for the two alleles, ‘mark’ and ‘no-mark’, are calculated the Hardy- 
Weinberg Law (2), the ratio mark mark Lasalle Foundation 
found 54:46, and phenotypic frequencies all generations past the 
actual blend are expected per cent ‘marked’ and per cent ‘no 
data show that the seed produced the East all 
generations, the result will adhere reasonably close this 7:3 ratio. This 
borne out groups and where the mark was maintained 
per cent. Groups and representing approved seed lots from 
five eastern growers with total 574 plants, average within per cent 
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theoretical expectation. Group representing registered seed but the 
product only one grower, almost perfect fit. Group tested 
population 590 plants, representing certified seed which had been grown 
the East for three generations and the product five growers, gave 
80:20 ratio ‘mark’ ‘no-mark’. This may indicate slight contamina- 
tion shift towards the marked type. Such shift would possible, due 
the fact that most the contaminating clover Eastern Canada has the 
leaf mark characteristic. 

Groups and all were grown one more generations 
the West. Together these groups represent seed lots produced 
growers. significant that all are well below the per cent marked 
plant theoretical expectation. Group representing approved seed grown 
for one generatoin the West, gave 62:38 ratio for ‘mark’ vs. ‘no-mark’ 
compared with 76:24 for the same seed grown one generation the East. 
general, each generation growth the West seemed cause further 
shift toward the ‘no-mark’ type. For example, Group consists 
population 926 plants representing seven lots produced the East 
Certified seed. will noted that the two previous pedigree generations 
this seed were produced the West. Classification this group re- 
sulted ratio 59:41 ‘mark’ vs. ‘no-mark’. Group shifted even 
further one generation the West than did Group two. However, 
Group was the product only one grower and consequently was subject 
particular set circumstances. Group composed four lots grown 
the West for all three generations, gave ratio 36:64. Although, 
and both originated from the same foundation Lasalle, the shift toward 
the Dollard ‘no-mark’ type continued even the third Other 
groups could used illustrate this same continued shift the population. 

Eastern Canada the populations Lasalle red clover remain relatively 
stable. the other hand, the shift the West toward the ‘no-mark’ types, 
which are indicative Dollard parentage, too pronounced over- 
looked. Undoubtedly there more than one selection pressure which 
causes the population shifts the West. These pressures must remain 
effective succeeding generations because all the Western samples 
indicate that the shift continues toward the ‘no-mark’ type each 
generation. 

attempting find satisfactory explanation for the behaviour 
Lasalle under Western conditions, necessary keep mind agronomic 
differences between the two varieties from which Lasalle was constituted. 
Ottawa more determinate flowering habit than Dollard. Therefore, 
under Western conditions, where the first growth taken for seed, the 
flowering period Dollard later and somewhat more extended than that 
Ottawa. Thus Ottawa, flowering early, probably misses part the 
period when the pollinators are most active, whereas Dollard subjected 
more extended period pollinator activity, resulting heavier seed 
set the ‘no-mark’ Dollard type. Conversely, Eastern Canada seed 
harvested from the second cut, where flowering differences between the 
varieties are scarcely detectable. Generally, proper management, this 
second bloom brought when pollinator activity its maximum. 
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Other factors that affect survival, such disease, fall growth habit and 
winter hardiness, may effective changing the population balance with 
respect the varietal components. known that Dollard has more 
resistance northern anthracnose (Kabatiella caulivora) than Ottawa. 
growth habit much greater proportion Ottawa plants flowers the first 
year, condition which often renders them more susceptible winter 
injury. 

While impossible determine from this study which the 
selection pressures caused the genetic shifts Lasalle red clover, neverthe- 
less concern that these similar pressures may affecting other 
groups. Ottawa and Dollard are equally well adapted Eastern Canada 
and shift toward either variety not great economic importance. 
However, may that other biennial and perennial crops that have 
specific marker genes are changing similar rate. Data indicate popu- 
lation shifts alfalfa have already been noted (3, 5). Grasses may 
respond even more selection pressures, but genetic markers are scarce 
that one tends indicate wide adaptation with very little concern 
where the early generation seed produced. most forage crops, yield 
the only criterion and this difficult character measure 
precisely. quite that detrimental, but statistically undetectable, 
changes are taking place that could add great losses for widely 
grown crop such alfalfa timothy. Until better methods differential 
assessment are available many species the genetic shift will without 
detection. Fortunately many grass and legume varieties the original 
clones are being maintained and this constitutes check, but where this 
impossible genetic changes through the generations will have accepted. 
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THE GROWTH, NICOTINE AND PHOSPHORUS CONTENT 
TOBACCO GROWN DIFFERENT SOIL TEMPERATURE, 
MOISTURE AND PHOSPHORUS 


Canada Department Agriculture, Ottawa, Ontario 


[Received for publication January 1960] 


ABSTRACT 


Growth, nicotine and phosphorus content tobacco, influenced 
soil temperature, soil moisture and soil phosphorus were investigated 
growing the flue-cured variety Hicks combination three soil 
temperature, four soil moisture, and three soil phosphorus treatments. 

Soil temperature 22°C. and soil moisture per cent available 
moisture appeared the best for the over-all growth tobacco. The 
over-all growth was little lower the 30°C. soil temperature than the 
22°C. temperature while the 14°C. temperature was very poor. 
Nicotine and phosphorus content leaf tissue decreased with decreasing 
soil temperature. decrease soil moisture decreased the growth but 
increased the nicotine content tobacco. Phosphorus content was in- 
fluenced little soil moisture treatments. Low soil moisture treatments 
were more detrimental growth tobacco the low soil temperature 
than the higher produced growth responses the low 
soil temperature only. Nicotine content was not influenced soil phos- 
phorus treatments. Phosphorus applications increased the leaf phosphorus 
content. the 14°C. soil temperature there was increase leaf and 
stalk weight and leaf area with added phosphorus while the 22° and 
30°C. increases with soil temperature were very small. Stalk weights 
increased with increasing phosphorus applications the higher but not 
the lower soil moisture levels. The growth was decreased more the soil 
temperature 14°C. and soil moisture treatments 25, and near per cent 
available moisture than the soil temperature 22° and 30°C. the 
low soil moisture phosphorus applications decreased root growth while 
the higher soil moisture treatments this phosphorus effect was reversed. 


INTRODUCTION 
Little known about the influence soil temperature and moisture 
rowth and nicotine content tobacco. Information the interaction 
these factors with nutrient supply likewise scant. 


Walker and Vickery (9) found that low soil moisture produced low 
yields tobacco with relatively high nicotine content. Parups and Nielsen 
(7) investigated influence soil temperature growth tobacco, found 
that soil temperature was best for growth tobacco varieties Hicks 
and Resistant Havana 211, and that low soil temperatures plants responded 
phosphorus. McEvoy (6) stated that, low root temperature, 
short-term nutrient culture experiment, phosphorus tobacco 
plants was hindered. Renier (8) commented that the relationship between 
the temperature and the nicotine content tobacco was apparent 
one only. 


The purpose this work was determine the interaction soil 
temperature, soil moisture, and soil phosphorus the growth, nicotine 
content, and phosphorus content tobacco. 


1Contribution No. from the Plant Research Institute, and No. from the Soil Research 
Institute, Research Branch, Canada Department of Agriculture, Ottawa, Ont. 
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MATERIALS AND METHODS 

Flue-cured tobacco, var. Hicks, was seeded outside seed-bed. 
The seedlings were transplanted greenhouse into plastic containers con- 
taining 5430 grams air-dry Manotick sandy loam top soil. The descrip- 
tion this soil given Hills al. (4). The soil temperature was 
controlled three water baths three different temperatures: 14°, 22°, 
and 30°C. (7). The soil surface the containers was insulated with beaded 
“Styrofoam”. The air temperature went 35° and 37°C. sunny 
days; the night temperature was maintained 24° 27°C. 


The soil moisture level was controlled means Bouyouco’s gypsum 
blocks (1) installed the soil containers about half-way down from the 
soil surface. The gypsum blocks were previously calibrated through 
drying cycle the soil. The moisture treatments were: 75, 50, and 
near per cent the available soil moisture. The soil containers after 
planting was moistened moisture equivalent and the plants were 
permitted use the soil water down their respective levels availability 
indicated the calibration curve gypsum blocks. Then the soil 
moisture level was restored the moisture equivalent adding distilled 
water the proper temperature. The quantity water added for each 
moisture treatment was based the dry weight soil. Soil moisture 
readings were taken once twice day. 


The fertilizer treatments consisted combination and 
K,O. The sources and amounts nutrients were: NH,NO, 
pounds per acre; K,SO, 120 pounds per acre; P,O, 
CaH,(PO,),.H,O rates 100, and 200 pounds per acre. The fer- 
tilizer was mixed with the top inches soil. 


Each set fertilizer treatments had all four soil moisture treatments 
and was replicated three times, thus making total containers per 
bath. The containers were arranged randomized block design. 


The temperature treatments were begun June 23. The plants were 
harvested about the flower-bud stage August Plant height, 
number leaves, and total leaf area per plant harvest were measured. 
Roots were washed free soil. The leaves, stalks, and roots were oven- 
dried and the weights recorded. The leaf tissue was ground Wiley 
mill and analysed for nicotine and phosphorus. Nicotine was determined 
the method Cundiff and Markunas (2). Phosphorus was determined 
methods described Ward and Johnston (10). Because only one 
replication temperature baths the main effects temperature were not 
analysed statistically. 


RESULTS AND DISCUSSION 

The data growth measurements and chemical composition are shown 
Tables and The significant aspects analysis variance tem- 
perature, moisture and phosphorus treatments are shown Table those 
combined data Table 
Soil Temperature 

The differences growth measurements and chemical composition 
between the three soil temperature treatments were statistically non-com- 
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parable. However, the differences were generally quite large and some 
inferences are made. Average leaf weight per plant was considerably lower 
from the plants grown 14°C, than from those grown 22° and 
soil temperature. The same was true with stalk weight, root weight, total 
plant weight, number leaves, and leaf area. Nicotine, and phosphorus 
content leaf tissues decreased with decreasing soil temperature. These 
data support the earlier findings (7) that soil temperature about 22°C. 
the best for growth for the flue-cured tobacco variety Hicks. The effect 
soil temperature the nicotine content tobacco does not support 
Renier’s (8) contention that the relationships between the average tem- 
perature and the nicotine content are apparent ones only. appears that 
the nicotine content leaves was probably influenced the over-all 
activity roots, particularly the low soil temperature. The relatively 
poor top growth tobacco the 14°C. soil temperature was influenced 
probably the poor growth roots and their impaired ability take 
water. These results, and those previous workers (5, 7), are contra 
the views Went (11) who stated that unlikely that good 
the root system, and consequently the soil temperature, restricts water 
uptake top growth. The phosphorus uptake also was hindered some- 
what since percentage phosphorus leaf tissue decreased with decreasing 
soil temperature. Harlan and Moseley (3) stated that the average per- 
centage leaf web field-grown aged flue-cured tobacco 
approximately 0.51. Tobacco this experiment was not cured nor aged 
and comparative phosphorus content therefore should little lower. 
However, this experiment the P,O, percentage tobacco leaf 14°C. 
soil temperature was around 0.27 per cent indicating possible phosphorus 
deficiency these conditions. Temperature and phosphorus interactions 
were significant the combined statistical analysis for leaf weight, stalk 
weight, and leaf area. the 14°C. soil temperature there was increase 
these growth measurements with added phosphorus, while the 22° and 
30°C. increase with soil temperature were very small. 


Soil Moisture 


The statistical analysis showed highly significant differences due 
moisture treatments for all growth measurements all three soil tempera- 
ture treatments tested individually and combined. The greatest growth 
plants was obtained with treatment where the soil moisture was not per- 
mitted decrease below the per cent level available moisture. Less 
growth occurred where the plants were permitted use water down 50, 
25, and near per cent available moisture. Soil moisture influenced the 
leaf phosphorus content only the 22°C. soil temperature; this tempera- 
ture the moisture treatment per cent available moisture produced 
consistently and significantly less phosphorus leaf tissue than the other 
soil moisture treatments. Moisture and phosphorus interactions were signi- 
ficant for the stalk weight only; stalk weight increased with increasing 
phosphorus applications the higher but not the lower soil moisture 
levels. Nicotine content tobacco was affected very significantly soil 
moisture treatment: plants growing dry soil higher per cent 
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nicotine than those growing moist soil. Moisture stress evidently pro- 
duced effect which increased the nicotine-producing capacity tobacco 
roots. The growth was decreased more the soil temperature 14°C. 
and soil moisture treatments 25, and near per cent available moisture 
than the soil temperature 22° and 30°C. soil moisture and 
temperature influences are shown the combined statistical analysis 
significant and highly significant interactions for all growth measurements 
and nicotine percentage, excepting plant height and phosphorus content. 
These interactions indicated that low soil temperature the plants showed 
less ability absorb the available water than the higher soil temperature. 


Soil Phosphorus 


Phosphorus applications gave significant and highly significant growth 
responses the 14°C. but not 22° and 30°C. soil temperatures. Nicotine 
content tobacco was not affected soil phosphorus treatments any 
soil temperature tested. Root growth was influenced significantly 
phosphorus and soil moisture treatments the 22°C. soil temperature; 
the low soil moisture phosphorus applications decreased root growth while 
the higher soil moisture treatments this phosphorus effect was reversed. 
The combined statistical analysis growth, excepting leaf area and plant 
height, showed significant and highly significant effects due phosphorus, 
probably because high response this element the 14°C. soil tem- 
The combined analysis also showed highly significant increase 
eaf phosphorus content due phosphorus treatments. The growth re- 
sponse phosphorus the low soil temperature may related the 
availability and movement this element soil and the generally poor 
growth roots plants. Phosphorus may have had the beneficial in- 
fluence the low soil temperature due its essential role energy 
relationships. 


conclusion may stated that all three factors soil temperature, 
soil moisture, and soil phosphorus levels influence the growth, and nicotine 
and phosphorus content tobacco. Soil temperature and moisture ap- 
peared the most influential this aspect while phosphorus was more 
important the low soil temperature than the higher ones. 
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SEEDLING REACTIONS STEM RUST LINES 
MARQUIS WHEAT WITH SUBSTITUTED GENES 
FOR RUST 


ABSTRACT 


Lines the wheat variety Marquis carrying genes Sr6, Sr7, Sr8, Sr9, 
and plus Sr7 for resistance stem rust were produced the 
backcross method. The reactions these lines North American 
cultures races stem rust and Australian cultures were deter- 
mined. Genes Sr8, and Sr9 conferred uniform type resistance 
most the cultures. Genes Sr7 and conferred only moderate resist- 
ance few cultures. Genes Sr6, Sr8, and Sr9 appeared confer the 
same kind resistance Marquis after backcrosses the source 
varieties, but Sr7 and seemed less effective. Results the infection 
studies indicated that Sr7 may allelic with gene for resistance 
Marquis and that least two alleles conditioning different rust reactions 
may occur the locus. The reactions the lines with Sr6, and 
Sr9 were nearly identical with those the Chinese Spring substitution 
lines, Red Egyptian XX, Red Egyptian VI, and Red Egyptian re- 
spectively, which presumably have these genes. The data indicated that 
Sr6 the same and Sr9 the same The resistance 


lines with Sr7, Sr8, and Sr9 was affected only slightly temperature but 
the resistance lines with Sr10 and especially those with diminished 
high temperature. 


INTRODUCTION 

Seven genes conferring resistance stem rust (Puccinia graminis Pers. 
sp. tritici Erikss. and Henn.) common wheat have been identified 
Knott and Anderson (9, 10, 11, The genes were identified primarily 
seedling reactions single cultures races 15B and and were named 
according the recommendations Ausemus al. (1) Sr6 
Genes named Ausemus al., confer adult plant resistance 
and cannot studied effectively seedling plants. Gene Sr5 the well- 
known Kanred immunity gene which has been located chromosome XIX 
Thatcher wheat (17). 


Sears, Loegering and Rodenhiser (17) have reported the results 
infection studies with lines wheat derived from the susceptible variety 
Chinese Spring substitution individual chromosomes from Hope, 
Thatcher, Timstein, and Red Egyptian. Knott and Anderson (12) showed 
that Red Egyptian carries the three genes, Sr8, and Sr9. The reactions 
the Red Egyptian substitution lines led Sears al. conclude that the 
three genes are chromosomes XX, VI, and XIII, respectively. 


Recently genes Sr6 Sr10 have been isolated lines the variety 
Marquis backcrossing. The lines have considerable potential importance 
sources resistance plant breeding programs and fundamental 
studies host-parasite relations wheat stem rust. The work reported 
here was undertaken aid the evaluation the usefulness the lines 
and the genes they possess. 


1Contribution No. from the Canada Department Agriculture Research Station, Winnipeg, 
Manitoba. The portion of the work that was carried out at Saskatoon was largely done under a grant 
from the Canada Department Agriculture for Extra-mural Research Project EMR-16. 

2Plant Pathologist, Plant Pathology Laboratory, Canada Department Agriculture Research 
Station, Winnipeg, Man.; Associate Professor, Department Field Husbandry, University 
Saskatchewan, Saskatoon, Sask.; Associate Professor of Genetics and Plant Breeding, University of 
Sydney, Sydney, Australia; and Director, Agricultural Research Institute, Wagga Wagga, New South 
Wales, Australia, respectively. 
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MATERIALS AND METHODS 
Genes Sr6 Sr10 were transferred lines the variety Marquis. 
variety known possess particular gene was crossed Marquis and the 
hybrids backcrossed Marquis number times. each generation 
plants heterozygous for the desired gene were selected for backcrossing. 
Five backcrosses were carried out the transfer genes Sr6 
Marquis and three the transfer 


Plants carrying the gene Sr6 are highly resistant (hypersensitive fleck 
infection type*) races 15B and low and moderate temperatures but 
become more susceptible temperature increases. Forsyth (7) has de- 
scribed the temperature and light relationships that bring about this “break- 
down resistance” the variety McMurachy, which possesses gene S76 
(12). Gene Sr6 was transferred Marquis from the variety Kenya 58. 
This gene unique among those transferred because functions re- 
cessive with race 15B and dominant with race 56. After the initial 
backcross, plants resistant race were selected for each succeeding 
backcross Marquis. The plants the fifth backcross were selfed and 
plants homozygous for were detected their resistance race 15B. 
The stem rust reactions two lines from this backcross were identical. 


The gene Sr7 conditions good resistance race 15B certain varieties 
but ineffective against race 56. Race 15B produces flecks and type 
infections with unusual amount diffuse chlorosis and necrosis some 
varieties possessing this gene. partially dominant. was transferred 
one line Marquis from Kenya 117A and second line from Kenya 
Governor. the each backcross the seedlings heterozygous for Sr7 
were less resistant than the donor parent but distinct chlorosis around the 
pustules aided the selection resistant plants for the next backcross. 
After the fifth backcross families homozygous for Sr7 were selected for 
increase. Race 15B usually produced type infections these families 
but when conditions were less favourable for rust development type 
infections were sometimes produced. Chlorotic areas always occurred 
around the infections. 


The partially dominant gene Sr8 conditions type infection with 
races 15B and 56. was transferred Marquis from the variety Red 
Egyptian. Pustules plants each backcross were larger than pustules 
plants homozygous for Sr8 but the infections were readily identified 
type. Non-segregating families from the fifth backcross were 
selected for increase. 

Gene Sr9 almost completely dominant and conditions type in- 
fection with race but confers resistance most cultures race 15B. 
line Marquis homozygous for Sr9 from Kenya 117A and second line 
homozygous for from Red Egyptian were selected from the the 
fifth backcrosses these varieties Marquis. 


infection types and physiologic races wheat stem rust are described 
Stakman, Levine and Loegering Bull. E-617, U.S.D.A., Agr. Research Administration, 
Bureau Entomology and Plant Quarantine, 1944. Tables this report hyper- 
Sensitive fleck, type infection, “2” type infection, “3” type infection and “4” 
type infection. Hypersensitive flecks and type infections indicate high resistance, type infections 
moderate resistance, type infections moderate susceptibility, and type infections susceptibility. 
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TABLE 1.—PHYSIOLOGIC RACES WHEAT STEM RUST USED INFECTION STUDIES AND 
THEIR PROVINCE ORIGIN (NUMBER CULTURES FROM EACH PROVINCE BRACKETs) 


Physiologic Origin 
race 

British Columbia (2) 
Manitoba (1), British Columbia (1) 
Saskatchewan (1), Alberta (1), British Columbia (1) 
Ontario (3), Manitoba (6), Alberta (3), British Columbia (1) 
Manitoba (9) 
15A Unknown (1) 


15B-1 (Can.) Ontario (1), Manitoba (3) 
15B-1L (Can.) Quebec (2), Manitoba (5) 
15B-3 (Can.) Quebec (1), Saskatchewan (1) 


15B-4 (Can.) Manitoba (7), Saskatchewan (1) 

Unknown (1) 

Alberta (1) 

29-1 (Can.) Ontario (1), Manitoba (3) 

29-2 (Can.) Manitoba (2) 

29-4 (Can.) Quebec (1), Manitoba (1) 

Manitoba (5), British Columbia (1), from barberry the greenhouse 


Winnipeg (1) 


Manitoba (1), Saskatchewan (1) 

Ontario (1) 

Ontario (1), Manitoba (1), Alberta (1) 
Manitoba (1), Alberta (1) 

British Columbia (1) 

48A Quebec (1), Ontario (3), Manitoba (2) 
Ontario (2), Manitoba (6), Saskatchewan (1), Alberta (1) 
56A Quebec (1) 

Alberta (1) 

59C Alberta (1), British Columbia (1) 

87-1 (Can.) Ontario (1), Manitoba (1) 

87-2 (Can.) Manitoba (1), Saskatchewan (1) 

139 Ontario (1) 


The partially dominant gene Sr10 conditions moderate resistance 
race but resistance race 15B. The transfer from Egypt 
Marquis was difficult because resistance was lost quickly suc- 
cessive backcrosses. the progeny the third backcross some resistance 
race was detectable some plants. Two lines, apparently 
homozygous for Sr10, were selected and increased. The rust reactions 
these lines were nearly identical. 

The combination S76 and Sr7 single line Marquis was obtained 
plants homozygous for were detected their fleck reaction race 
15B and were then crossed with Marquis. Resistance race 15B the 
resulting demonstrated that the parent plant was homozygous for 
Sr7 since ineffective against race 15B when heterozygous. 

Infection studies were carried out the Marquis lines, the parents 
the Marquis lines, five varieties (African 43, Kenya C9906, Veadeiro, Kenya 
Farmer, and 170910) known carry one more the genes Sr6 
Sr10, and the three substitution lines, Red Egyptian Red 
Egyptian chromosome substituted Chinese Spring), Red Egyptian 
and Red Egyptian XX. The origin the seed the varieties used 
parents the backcross program has been recorded (9, 12). Seed 
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TABLE 2.—SEEDLING REACTIONS SUPPLEMENTARY HOST VARIETIES 
RACES AND SUBRACES WHEAT STEM RUST 


Variety 


Half the plants in Selkirk are very resistant to race 56A and half are moderately susceptible. 


the substitution lines and Chinese Spring and Red Egyptian originated 
with Dr. Sears and was harvested from plots grown Winnipeg 1958. 

One hundred and two North American cultures stem rust (Table 1), 
belonging twenty-nine races and subraces were used the infection 
studies. The distinguishing characteristics the subraces appear Table 
Race 15A, not shown Table differentiated from other cultures 
less virulence the standard differential varieties Reliance and 

ota. 

The effect different temperatures the seedling reaction the 
Marquis lines was investigated growing plants inoculated with eight races 
greenhouses high and low temperatures. 

Inoculation was accomplished applying urediospores the seedling 
leaves with the fingers. The plants were then sprayed with water and 
incubated overnight polyethylene chambers. Twelve fourteen days 
after inocuiation the results were recorded. The investigations were carried 
out during the spring and fall when temperatures were not high enough 
affect appreciably the resistance conferred the gene 

attempt correlate Australian and North American rust research 
the reaction the Marquis lines was determined high and low tempera- 


tures six Australian races stem rust and low temperatures two 
other races. 


EXPERIMENTAL RESULTS 
Most the results the infection studies with North American 
cultures stem rust are shown Tables and Since Marquis was the 
recurrent parent the backcross lines the data have been separated that 
Teactions races virulent Marquis appear Table and reactions 
avirulent Marquis appear Table The resistance Marquis 
apparently did not modify the action genes Sr6 Sr10 the races 
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TABLE 4.—INFECTION TYPES PRODUCED WHEAT VARIETIES RACES STEM RUST 
AVIRULENT MARQUIS 


Physiologic race 


Variety Genotype 
Kenya 58— 

Kenya 117A— 

Egypt 

Red Egyptian— 

Kenya 117A— 

Red Egyptian— 

Egypt Na95— 

Number 

(Egypt Na101— 

Marquis®) 

(Kenya 58— 

Number 

Number 

Number 


Io indicates more than the usual amount of chlorosis for the infection type: 
n indicates more than the usual amount of necrosis for the infection type. 


"Type 2 and Type 3 infections occurred on the same leaf. 
‘Colon indicates that the variety segregated. Some plants showed flecks, other plants showed type 4 infections. 
‘A dash indicates that no test was made. 


shown Tables and but the resistance some lines some races shown 
Table that Marquis. The reactions these tables are the average 
reactions for tests with the number cultures shown under each group 
varieties. The reaction any one the Marquis lines the Red Egyptian 
substitution lines carrying Sr6, Sr8, Sr9 was similar the different cul- 
tures all races but one race (race 11) and the data were easily summarized 
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and expressed single infection type. The Marquis lines possessing 
Sr7 and Sr10 were more difficult deal with because the reaction the 
lines varied somewhat between tests. The reaction the lines with Sr7 
and Sr10 frequently resembled the mesothetic type. 

The Marquis line possessing was susceptible six races, moderately 
resistant two races (48A and 139) and highly resistant the other races 
(Tables and 4). Since races 48A and 139 are virulent the Red 
Egyptian substitution line, which also possesses (17), the type 
infections the Marquis line were due the Marquis resistance. 

The reactions the two Marquis lines with Sr7 were similar. These 
lines were resistant about half the cultures race 11, all subraces 
15B, culture race from barberry, and the two subraces race 
(Table and races and 139 (Table 4). They were less resistant 
races 15, 34, and 38. The degree resistance conferred Sr7 varied 
somewhat from test test and from race race but diffuse chlorosis 
and necrosis, which help characterize the resistant rust reaction many 
wheat varieties from Kenya, was associated with resistant infections. The 
most interesting results with the lines possessing Sr7 appear Table 
Both lines were susceptible only slightly resistant all races avirulent 
Marquis. Similarly, the line with Sr6 and Sr7 was susceptible race 
48A which was virulent substitution line Red Egyptian (Sr6) and 
Egypt 101-1 (Sr7) but avirulent Marquis. Evidently the Marquis 
resistance has been lost from all three lines. This loss can explained 
hypothesizing that the gene Marquis conditioning resistance these 
races either allelic S77 closely linked repulsion phase, thus 
would difficult impossible obtain line carrying both and 
the Marquis gene. The probability that all three lines lost the Marquis 
gene result chance segregation very small, There 
possibility that Sr7 epistatic gene Marquis but this seems very 
unlikely. 

The line with Sr8 was moderately resistant (type infection) all 
races except 17, (four subraces) and 32. Evidently the resistance 
this line race 48A (Table conditioned gene, genes, from 
Marquis since substitution line Red Egyptian which also carries 
susceptible that race. 

The two Marquis lines possessing were moderately resistant (type 
infection) most the races used this study. The susceptibility 
the substitution line Red Egyptian XIII possessing races and 139 
(Table indicates that gene, genes, from Marquis conditions resistance 
these races the marquis lines. The resistance both lines race 
15B-1L (Can.) (Table interesting since earlier work (11) indicated 
that Sr9 ineffective against race 15B. The data Table confirm that 
this gene ineffective against races 15B-1 (Can.) (the subrace used 
earlier studies), 15B-3 (Can.), and 15B-4 (Can.) and show that clearly 
separates 15B-1L (Can.) from other members the 15B complex. The 
line with Sr9 from Kenya 117A more resistant group race cul- 
tures and more susceptible race 29-4 (Can.) than the line with from 
Red Egyptian. After five backcrosses seems unlikely that the line derived 
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Ficure Seedling reaction Marquis wheat and lines Marquis with genes 
Sr6, Sr8, Sr9, and Sr10 races and 48A stem rust. 
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from Kenya 117A has genes addition Sr9 which increase resistance 
race and that the line derived from Red Egyptian has genes addition 
which increase resistance race 29-4 (Can.). Consequently, until 
direct genetic evidence available, seems reasonable presume that there 
are two alleles the locus which tentatively can designated Sr9a 
(from Red Egyptian) and Sr9b (from Kenya 117A). 

The unsatisfactory nature the seedling resistance conferred Sr10 
has already been discussed. Although race was used the process 
isolating the gene, the Marquis line showed little resistance race 
these tests. The Marquis lines derived from Egypt have more 
resistance than Marquis (Tables and but their reaction was unstable 
and difficult interpret. There possibility that the lines not carry 
and another attempt transfer this gene Marquis under way. 

The reaction the Marquis line with and Sr7 (Tables and 
shows that these genes acted independently. Most races produce flecks 
this line they the line, but races 15B-3 (Can.), 87-2 (Can.), and 
139, which attack varieties with only Sr6 but not those with only 
produced the same reaction the Sr7 lines. The Sr7 line was 
susceptible races 29-1 (Can.), 29-2 (Can.), 32, 48A, and 56A which are 
virulent and separately. Genes Sr9, Sr10, Sr11, and Sr12 modify 
the action Sr7 (10) and increase the resistance race 15B that confers. 
Gene Sr6 did not modify the action any the races used 
this study. 

The seedling reactions the variety Marquis and the lines derived from 
races 48A and (Can.) are illustrated Figure 

comparison the reactions substitution line Red Egyptian 
(Sr8) with the Marquis backcross line carrying Sr8, Red Egyptian XIII 
(Sr9) with the Marquis line carrying Sr9a, and Red Egyptian (Sr6) 
with the Marquis line carrying Sr6 indicates that the genes the substitu- 
tion lines are probably identical with the genes the backcross lines. The 
Red Egyptian parent the substitution lines was mixed for reaction 
some races and was somewhat more resistant races 29-1 (Can.) and 
than Red Egyptian XIII possessing which confers resistance these 
races, 

The reactions the varieties used sources genes Sr6 
shown the lower part Tables and indicate that one gene each 
variety mainly responsible for the reaction each rust culture. For 
example, the resistance Red Egyptian races 11, 15, 15A, 15B-1 
(Can.), 15B-1L (Can.), 15B-4 (Can.), 17, 29, 29-4 (Can.), 32, 34, 36, 56, 
and 87-1 (Can.) (Table due Sr6, its resistance race 15B-3 (Can.) 
due Sr8, and its resistance races 29-1 (Can.) and 29-2 (Can.) due 
Egypt 101-1 (Kenya Governor), which possesses more 
resistant several races than the Marquis lines possessing Sr7. There 
evidence for two alternative reasons for this difference. First, although 
the only gene identified far Egypt 101 this variety appears 
have other genes for stem rust resistance. Thorpe and Duff (19) report 
that Kenya 117A, which possesses Sr7 (12), susceptible the East African 
stem rust races K13 and K14 whereas Egypt 101 (Kenya Governor 
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TABLE 6.—SEEDLING REACTIONS KENYA 58—MARQUIS® AND AFRICAN NO. RACES 
29-1 (CAN.), 29-2 (CAN.), 32, 87-2 (CAN.) WHEAT STEM RUST 


Variety Genotype Race 29-1 Race Race 87-2 


TABLE 7.—SEEDLING REACTIONS RED EGYPT 
AND VEADEIRO RACES 11, 15B-3 15B-4 (CAN.) AND WHEAT STEM RUST 


their report) susceptible race K14 but resistant K13. Presumably 
Kenya Governor has gene genes not yet identified which condition 
resistance race K13 and some the races used this study. Second, 
since the action influenced modifier genes (10), modifier genes 
may contribute resistance Egypt 101 increasing the resistance 
conferred Sr7. The reaction the variety Egypt indicates that 
the resistance races 15B-1 (Can.), 15B-3 (Can.), and 15B-4 (Can.) con- 
ferred enhanced Sr9 and Sr10 previously hypothesized (10). 
The varieties Kenya 117A-3 and Egypt which have the same genes 
for resistance had similar rust reactions. The reaction the variety Kenya 
58-2 with Sr6 and Sr7 nearly identical with the Marquis line having 
and Sr7. 

The reactions the Marquis lines high and low temperatures are 
shown Table The Marquis line with Sr6 was resistant most races 
the low temperature but susceptible the high temperature. this 
respect its reaction nearly identical with that other varieties such 
McMurachy and Selkirk (8) which possess Sr6. The resistance conferred 
Sr7, Sr8, and Sr9 was thermostable but lines with Sr10 were more sus- 
ceptible certain races high temperature than low temperature. The 
line with Sr10 was slightly more resistant some races these tests than 
the tests reported Tables and 

The reactions the varieties African 43, Kenya Veadeiro, 
Kenya Farmer, and P.I. 170910, are not given Tables and for reasons 
space. The resistance three the varieties, Kenya C9906 (Sr6, Sr7), 
Kenya Farmer Sr9, Sr10, Sr12), and P.I. 170910 (Sr6, Sr8, 
could accounted for the basis the genes they are known possess. 
However, results given Tables and show that African (Sr6) and 
Veadeiro (Sr9 and Sr10) each has least one additional gene different 
allele the locus one the genes. 
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The results infection studies with the Marquis lines Australia 
(Table are similar most respects the North American results. 
Marquis line carrying Sr6 was highly resistant low temperatures but 
moderately susceptible high temperatures six the eight Australian 
races. The line possessing Sr7 seemed have the same kind resistance 
race Anz had North American races such 15B, but was 
susceptible moderately susceptible the other Australian races. The 
line possessing Sr8 was moderately resistant (type infection) smaller 
proportion the Australian races than North American races but the line 
with from Kenya 117A was moderately resistant all the Australian 
races tested. Although the line with from Red Egyptian was tested 
only with races 126 Anz and 222 Anz the results (Table confirm the 
conclusion, drawn from North American results, that the from Red 
Egyptian different from the Sr9 from Kenya 117A. The line possessing 
Sr10 was resistant three races (34 Anz 126 Anz and 126 Anz but 
view the inability races Anz and 126 Anz attack any Marquis 
line except the line possessing Sr7 and the absence direct comparison 
with Marquis, resistance these races cannot clearly attributed the 
action 

The Australian data (Table indicate two interesting relationships 
between Australian and North American work the genetics stem 
rust resistance. The Australian variety Eureka and the Marquis 
line possessing react identically six Australian races, indicating that 
and Sr6 are the same gene. Confirmation this conclusion was 
obtained North America when all plants from cross between these 
varieties were resistant races 15B and 56. Similarly, since the reactions 
Kenya 117A and the Marquis line with Sr? from Kenya 117A 
were alike, and are probably the same gene. 


DISCUSSION 

objective this investigation was determine whether isogenic 
lines wheat carrying single substituted genes for stem rust resistance 
behave similarly Flor’s lines flax (5) carrying single genes for resist- 
ance. Sr6, and were transferred Marquis backcrossing with 
their action apparently unimpaired but lost its effectiveness succeed- 
ing backcrosses and both Sr7 and Sr10 conferred less consistent reaction 
than the other genes. Sr6, Sr8, and Sr9 appear act like the genes Flor 
used. Sr7 and Sr10 may resemble the genes the varieties rejected 
differential hosts because variable and intermediate reactions. 


The advantages single-gene lines flax differential hosts and 
sources resistance, discussed Flor (5), may apply the Marquis 
lines carrying Sr6, and Sr9 but the value the lines with Sr7 and 
less clear. The resistance conferred Sr6, Sr8, and Sr9 uniform 
and characteristic and only the action affected appreciably high 
temperature. Despite this “breakdown resistance” high temperatures, 
the varieties McMurachy and Selkirk, which carry Sr6, are important dif- 
ferential hosts Winnipeg, although they become unreliable during hot 
periods the summer. Genes Sr7 and Sr10 seem less useful because they 
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TABLE 9.—REACTIONS PRODUCED LINES MARQUIS WHEAT WITH Sr6, Sr8, AND Sr9 
GROUPS STEM RUST RACES 


Reaction gene 


Races 
Sr6 Sr8 
11, 15, 15A, 15B-1L, 36, 56, 87-1 
11, 15B-1, 15B-4, 32, 
15B-3 


appear confer poor resistance which may affected temperature 
and modifier genes. They are important because the differences between 
their behaviour and that Sr8, and Sr9 re-emphasizes the physiologic 
and genetic complexity rust resistance but beyond this their significance 
difficult evaluate. 


The Marquis lines with Sr6, Sr8, and Sr9 did not add much our 
knowledge variation the rust cultures used the investigation. New 
biotypes were demonstrated only race the gene the 
lines failed distinguish between many well-known races they sharply 
differentiated between groups these races (Table 9). larger group 
lines might separate the important races satisfactorily. 


Wheat varieties seem contain more resistance-conditioning genes 
than flax varieties. Flor distinguished four genes the flax variety Morye 
(5), three Rio, two six varieties and single genes twelve other 
varieties (4). the wheat investigations discussed here only the variety 
McMurachy seems carry single gene for resistance (9, 10, 12). From 
two five genes for resistance have been distinguished the other varieties 
with only two races rust. Further evidence the multiplicity genes 
affecting stem rust reaction wheat comes from studies with substitution 
lines reported Sears, Loegering, and Rodenhiser (17) and Campbell and 
McGinnis (3). 

The number loci involved stem rust resistance wheat seems 
greater than flax. Flor states (6) that the genes for resistance 
flax occur five loci: “one the locus, eleven six three 
and four Seven genes have not been placed. The validity 
Flor’s conclusions regarding allelism has been questioned Person (16). 
The only evidence from this investigation for multiple alleles wheat the 
probable displacement Marquis gene for resistance Sr7 the back- 
cross line and differences the reaction lines with Sr9 from different 
sources. Sears al. (17) located eleven genes nine chromosomes. More 
recent evidence obtained Sears and Loegering* and Knott** indicates 
that single gene occurs chromosome Timstein, not two 
Sr12) formerly hypothesized. The number genes located Sears al. 
should, therefore, reduced ten. Knott (11) located Sr7 chromo- 


*Private Communication. 


PAS 
as. 
q 
q 


July, 1960) GREEN AL.—STEM RUST WHEAT 537 


some VIII, one the chromosomes identified Sears Hope. Nine 
the eleven genes are different loci but whether the gene Thatcher 
XIII different locus than the gene Red Egyption XIII, and whether 
the gene Hope different locus than Sr7, has not been demonstrated. 
Nor there evidence that the complementary dominant genes for adult 
plant resistance located chromosomes III, VIII, and XIII Redman 
wheat Campbell and McGinnis (3) are the same loci genes these 
chromosomes other varieties. 


important advantage single-gene lines and, lesser degree, 
isogenic lines differential hosts the elimination epistasis. The data 
Tables and and other work (13) show that the reaction rust 
culture the varieties studied governed the gene conferring the 
highest degree resistance. When this gene ineffective against rust 
culture second gene carried the variety could confer resistance. Iso- 
genic lines very susceptible variety should differentiate more precisely 
between rust cultures than lines Marquis because there are fewer com- 
plicating genes. 


The identification races Phytophthora infestans means lines 
potatoes carrying single genes for resistance Black (2) indicated 
stepwise increase virulence the pathogen and made possible the pre- 
diction that certain pathogenic types would occur the fungus. When 
the predicted widely virulent races appeared the field the resistance genes 
the differential hosts were longer effective and attention was turned 
the field type resistance which polygenic (15, 20). Recent events 
the field have taken somewhat different course with wheat stem rust 
Canada although certain changes races resemble the changes that took 
place Soon after the variety Selkirk was released farmers 
Canada race (15B-3 Can.) appeared that could attack it. Selkirk was 
resistant all other isolates 15B that time because carried the gene 
Race 15B could attack Redman, the recurrent backcross parent 
Selkirk, and had develop virulence only Sr6 attack Selkirk. The 
prompt appearance race 15B-3 (Can.) was expected theoretical 
grounds but race 15B-3 (Can.) soon disappeared and Selkirk has been highly 
resistant the field for years. 


The results earlier investigations (13, 17), with wheat varieties 
carrying genes reasonably certain Sr6, Sr8, and Sr9, agree well with 
those reported here. The differences between the reactions the sub- 
stitution line Red Egyptian reported Sears al. (17) and those given 
here are attributable variation the action the gene different 
temperatures. 


The lines Marquis wheat with substituted single genes for stem rust 
resistance have significance because they represent new type plant 
material far wheat stem rust investigations are concerned and because 
they confirm earlier genetic work the inheritance rust reaction 
common wheat. Indeed, future the most convincing evidence gene 
for rust resistance may the isolation the gene very susceptible 
variety. 
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THE PRECISION ROD-ROW TESTS WITH WHEAT 
INFLUENCED ALLEVIATING PHOSPHORUS DEFICIENCY 

Canada Department Agriculture, Beaverlodge, Alberta 
[Received for publication January 1960] 

ABSTRACT 


Beaverlodge, during 1950 1952, inclusive, the application 
pounds per acre ammonium phosphate (11-48-0) wheat varieties 
rod-row tests reduced the average number days from seeding 
heading and ripening, and increased the yield, height and kernel weight. 
During some years there were variety fertilized interactions for days 
head and ripen, and for kernel weight. 

The fertilizer also increased the precision the tests for yield, height 
and kernel weight but did not influence the precision for days ripen and 
reduced the precision for days head. Phosphate fertilization would 
appear increase the precision reducing the influence soil variability. 


INTRODUCTION 

much the Upper Peace River region cereal crops grown 
visibly uniform areas soil show large localized variations plant de- 
velopment and yield. the Experimental Farm, Beaverlodge, Alberta, 
these variations are observed even within rod-row tests grown summer- 
fallow that has been selected and prepared provide maximum uniformity. 
cereal crops grown summerfallow Beaverlodge respond only 
phosphorus (1), experiments were conducted determine 
ammonium phosphate fertilizer would increase the uniformity wheat 


variety tests. 
MATERIAL AND METHODS 


Three wheat varieties and twenty-two advanced generation hybrids 
were grown Beaverlodge during 1950 1952, inclusive, six replicate, 
balanced lattice, split plot, rod-row tests. Each eight-row variety plot had 
four rows seeded without fertilizer and four with ammonium phosphate 
(11-48-0) applied with the seed the rate pounds per acre. The 
tests were grown visibly uniform soil that had been summerfallowed 
for years. Yield bushels per acre, number days head and ripen, 
height inches, and weight per 1000 kernels grams were recorded for 
each sub-plot. 

The tests were analysed assuming randomized block arrangement. 
split plot analysis was applied each test determine the significance 
the response fertilizer and the variety fertilizer interaction. The 
fertilized and unfertilized sub-plots were also analysed independent tests 
and the respective coefficients variation calculated. For yield, both the 
randomized block and balanced lattice analyses were used determine the 
relative efficiency the two designs. 


RESULTS AND DISCUSSION 

mean responses for the unfertilized and fertilized tests, presented 
Table show that the application ammonium phosphate reduced the 
average number days head and ripen, and increased the yield, 
height and kernel weight the wheat varieties. Although there were 
distinct differences growing conditions, the same trends response 
Phosphate fertilization were recorded during the years, with the exception 
kernel weight 1952. 


1Cerealist, Experimental Farm, Beaverlodge, Alta. 
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TABLE MEAN RESPONSE WHEAT VARIETIES SEEDED WITHOUT FERTILIZER AND WITH 
AMMONIUM PHOSPHATE (11-48-0) POUNDS PER ACRE 


Weight 
Fertilizer Yield Days Days Height per 1000 
treatment head ripen inches kernels 
grams 
1950 Nil 59.6 115.3 21.2 
11-48-0 12.0 56.7 112.9 23.9 
1951 Nil 42.1 60.6 36.2 32.5 
61.2 58.2 37.8 34.0 
1952 Nil 41.5 69.1 127.7 31.3 35.4 
49.5 126.1 31.6 34.8 
Av. Nil 29.7 63.1 121.5 29.9 29.7 
11-48-0 40.9 61.0 119.5 31.1 31.5 
Per cent increase 
average response 
attributed 
11-48-0 4.0 6.1 


Note: All treatment differences exceed the 1 per cent level of probability. 


TABLE COEFFICIENTS VARIATION PER CENT FOR WHEAT TESTS SEEDED WITHOUT 
FERTILIZER AND WITH AMMONIUM PHOSPHATE (11-48-0) POUNDS PER ACRE 


Yield bu./ac. 


Weight 
Days Days Height 
ized Balanced head ripen inches 
block lattice 
1950 Nil 34.39 30.94 2.29 1.50 7.80 
22.01 17.88 2.34 1.44 9.22 6.92 
1951 Nil 19.16 6.32 6.06 
12.59 10.28 2.14 4.53 4.88 
1952 Nil 8.51 8.33 0.79 4.54 2.53 
8.78 8.30 1.00 1.15 4.50 
Av. Nil 23.48 19.48 1.54 1.30 8.88 5.46 
14.46 11.83 1.30 6.08 4.68 
Per cent gain 
average precision 
caused 11-48-0 62.4 60.3 0.00 46.0 16.7 


Note: All factors analysed as randomized block design, except yield which was analysed as both randomized 
block and balanced lattice design 


There were significant variety fertilizer interactions only for days 
head and days ripen 1952 and for weight per 1000 kernels 1950 
and 1952. This general stability varietal response phosphate fertiliza- 
tion agrees with the work Reitz and Myers (2) which indicated that 
wheat varieties similar adaptation tend respond the same way 
applications superphosphate. 
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The coefficients variation, presented Table show that phosphate 
fertilization also increased the precision the tests for all characteristics 
except days head and ripen. The large increases precision during 
1950 and 1951 for the fertilized tests undoubtedly result from reduction 
soil variability. The manner which phosphate fertilization reduces 
variability warrants further investigation. 

The low coefficients variation for the unfertilized test 1952 
indicate greater basic uniformity plant development than during the 
other years. indicated Table this could have been caused 
less critical phosphorus deficiency. More favourable temperature and 
moisture conditions during the growing season may have contributed also 
this response. 


The application ammonium phosphate caused average increases 
precision for yield 62.4 per cent based the randomized block and 
60.3 per cent based the balanced lattice design. The similarity these 
increases precision suggests that much the variability the unfertilized 
tests was caused numerous, localized, randomly distributed soil variations. 


Ammonium phosphate also increased the precision the height and 
kernel weight determinations but had influence the uniformity 
ripening. The decreases precision for days head may attributed 
observed increase tillering which prolonged the heading period 
each plot. 


CONCLUSIONS 


Beaverlodge the growth wheat summerfallow restricted 
deficiency available phosphorus the soil. Associated, localized, 
randomly distributed soil variations detract from varietal comparisons 
rod-row tests. The test precision can increased appreciably for yield, 
height and kernel weight applying ammonium phosphate (11-48-0) with 
the seed rate pounds per acre. 

All cereal crops summerfallow the Upper Peace River region 
respond phosphate fertilization, and unfertilized rod-row tests normally 
show extreme variability. assumed that the precision most, 
not all, cereal tests the region can increased applying phosphatic 
fertilizer the time seeding. also probable that many other 
regions the precision cereal tests can increased correcting existing 
soil nutrient deficiencies. 
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STRAIN THE EUROPEAN RED MITE, PANONYCHUS 
ULMI (KOCH) (ACARINA: TETRANYCHIDAE), RESISTANT 


Canada Department Agriculture, Harrow, Ontario 
[Received for publication January 18, 1960] 


ABSTRACT 

strain the European red mite resistant ovex was indicated after 
the chemical had been used years against the mite apple. the 
laboratory, hatchability ovex-treated eggs mites taken from the ovex- 
sprayed trees was significantly higher the per cent level than that 
similarly treated eggs mites taken from trees that had never been sprayed 
with ovex. Decreases percentage hatch associated with increases con- 
centration ovex were not sufficient warrant attempts control the 
resistant strain increasing the rate the chemical. 


INTRODUCTION 

various spray schedules, applied from 1949 1957 
apple trees the Research Station orchard Harrow, Ontario, per cent 
ovex wettable powder was 
included the European red mite. This miticide gave excellent 
control the mite for number years and was used the standard 
evaluating the effectiveness other chemicals. 1956 and 1957, however, 
the mite was much more numerous suggest either that the ovex had 
failed effective formerly that strain strains the mite 
resistant the chemical predominated. The latter seemed the more reason- 
able premise and was decided test its validity additional experiments 
both the field and the laboratory. this paper are embodied the 
results those studies which were conducted 1958. 


MATERIALS AND METHODS 

Field Experiments 

Because per cent ovex wettable powder 1.35 pounds per acre 
cover sprays was used 1954 and 1956, that treatment was continued 
one plot McIntosh apple 1958 permit detection any change 
the degree control provided this material. second plot was sprayed 
with per cent malathion wettable phosphorodi- 
thioate, s-ester with mercaptosuccinate) 2.7 pounds per acre per applica- 
tion. third plot miticides were applied. All sprays were applied 
with Turbo-Mist concentrate sprayer*. Five leaves shoulder height 
were removed weekly from each cardinal point each four trees per 
plot and the active mites counted. The numbers obtained per 80-leaf 
sample were recorded 100-leaf basis, common procedure when re- 
cording mite populations. The plots were not replicated. 


Laboratory Experiments 


Two laboratory experiments were conducted test the effectiveness 
ovex against eggs produced females the mite, obtained the one 
hand from the Research Station orchard which had been sprayed with ovex 
for years, and the other from commercial orchard that had never 


1Contribution No. 11, Research Station, Research Branch, Canada Department Agriculture, 
Harrow, Ontario. 

2Dow Chemical Co., Midland, Mich. 

Canada Ltd., Toronto, Ont. 

4Okanagan Turbo Sprayers Ltd., Penticton, B.C. 
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been sprayed with the chemical. the first experiment, females from 
each orchard were allowed ovipost for days leaves peach seedlings 
grown the greenhouse for the purpose; the second, the period allowed 
for oviposition the eggs was the same but that for maturation was longer, 
namely, from days. the end the two periods deposition, the 
egg-bearing leaves were detached from the seedlings and placed individually 
water-soaked pad absorbent cotton Petri dishes (3). The dishes 
were then placed four time settling tower and sprayed for 
seconds with per cent ovex wettable powder dilutions 0.5, 1.0, and 
1.5 pounds per 100 gallons, respectively. dishes 
throughout were treated with distilled water serve checks. After 
allowing seconds for the spray particles settle, the dishes were trans- 
ferred rearing-room which during hours illumination the 
temperature ranged from 80°F., and from 74°F. during hours 
darkness. Each the treatments indicated above was replicated three 
times. 

each test, the eggs that hatched daily were counted and their number 
expressed percentage those present. Percentages obtained 
were transformed the angular transformation method Snedecor (4) 
and subjected the standard analysis variance. 

The settling tower used the above experiments was designed 
McMullen, the Harrow Research Station. McMullen* found 
colorimetric assessment that spray deposits standardized dye solution 
gram per litre concentration, emitted for seconds from DeVilbiss 
type EGA precision spray gun, and collected 6-centimetre Petri dishes 
for replicates. Also, when seconds were allowed for spray particles 
settle after cut-off the spray, the concentration the spray deposits 
was not significantly affected the positions the Petri dishes the 
tower. 


TABLE 1.— NUMBERS THE EUROPEAN RED MITE ACTIVE STAGES PER 100 LEAVES 

MCINTOSH APPLE RESEARCH STATION ORCHARD WEEKLY INTERVALS, PLOT THAT 

RECEIVED OVEX COVER SPRAYS 2-5 1954, 1956, AND 1958 AND ONE THAT RECEIVED 
MALATHION 1954 AND 1958 


1954 1956 1958 
Sample 
number! 

389 888 705 2595 247 
1103 470 428 12255 105 670 
1092 2100 1120 17440 350 4000 


before the first application acaricide; 2-6, during the application period; 7-8, after the final application 
50 per cent wettable powder at 1.35 lb. per acre 

per cent wettable powder 2.7 per acre 

No miticides 
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RESULTS AND DISCUSSION 

Field Experiments 

Evidently per cent ovex wettable powder 1.35 pounds per acre 
was less effective against the mite the Research Station orchard 1956 
than 1954, and still less effective 1958 (Table 1). Also, 1958, 
per cent malathion wettable powder 2.7 pounds per acre was much more 
effective than ovex. This suggests that resistance ovex, rather than some 
other factor, was responsible for the large number mites the ovex plot, 
before 1956 these two chemicals gave similar degree control the 
rates The numbers mites check plots were consistently lower 
than the numbers treated plots the early part each season. This 
appeared result from lower numbers overwintering eggs the check 
plots. 


Laboratory Experiments 

Eggs, newly laid days old, mites from the two orchards showed 
strikingly different hatching response the laboratory ovex treatment. 
For example, none those from the commercial orchard (no ovex ever) 
hatched, whereas 35.57, 39.70 and 55.93 per cent those from the Research 
Station orchard (ovex for years) hatched the lots treated 1.5, 1.0, 
and 0.5 pounds, respectively. Only the 1.5-pound laboratory application 
the chemical was hatching significantly below that obtained the result 
treatment with distilled water. Table shows further, the results 
the corresponding tests with eggs days old confirm those just 
described for the less mature eggs. 

comparison the hatch eggs from the two orchards showed that, 
for the eggs newly laid days old, the per cent hatch the Research 
Station orchard was significantly higher the per cent level for the 


TABLE 2.— MEAN PERCENTAGES (ANGULAR TRANSFORMATIONS) EGGS DIFFERENT 

AGES THE EUROPEAN RED MITE FROM TWO SOURCES THAT HATCHED AFTER BEING SPRAYED 

WITH DISTILLED WATER VARIOUS SUSPENSIONS PER CENT OVEX WETTABLE POWDER 
FOR SECONDS 


Total number eggs! Hatch 
Treatment 
Eggs newly laid days old 

Ovex, 0.5 Ib. 106 102 0.00 
Ovex, 1.0 Ib. 39.70 0.00 
Ovex, 1.5 35.57 0.00 
Difference required for significance level 8.78 

level 39.11 13.31 

Eggs days old 
Ovex, 1.0 62.60 14.80 
Ovex, 1.5 52.43 3.70 
Difference required for significance level 16.30 30.76 


at1% 24.69 46.60 


1A, of mites taken from Research Station orchard; B, of mites from commercial orchard that had not received 
ovex 
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0.5 and 1.0-pound dilutions, and the per cent level for the 1.5-pound 
dilution. For those days old, the per cent hatch the Research 
Station orchard was significantly higher the per cent level for all three 
dilutions. 

some the tests, decreases percentage hatch were observed for 
increases concentration ovex, but the differences were not significant 
the per cent level. From practical aspect, the observed decreases 
would not warrant attempts control the resistant strain increasing the 
rate the chemical. 


Eggs newly laid days old had lower percentage hatch than older 
ones after both had been sprayed with ovex. The decrease was significant 
the per cent level for those mites taken from the Research Station 
orchard, after eggs had been sprayed with the 1.0-pound dilution; and 
the per cent level for eggs from the other source, after they had been 
sprayed with the 0.5-pound dilution. (a) ovex had longer time 
which penetrate the egg shell and kill the embryo before hatching 
could occur; (b), indicated Hopp (2), the young embryo was 
more sensitive than the old ovicides. 


Eggs from the two sources did not differ significantly the percentages 
hatching after being sprayed with distilled water. This indicates that 
differences hatch the treated eggs from the two sources were due 
entirely ovex. 


CONCLUSIONS 
These findings are indicative the rapidity with which mite popula- 
tion may develop strains resistant chemical that previously had afforded 
excellent control. This phenomenon emphasizes the necessity the 
rotational use spray chemicals, reported Cutright (1), order 
forestall the build-up resistance and the same time ensure reserve 
effective chemicals. 


This evidently the first report for Canada strain the European 
red mite resistant ovex. 
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SOME EFFECTS FERTILIZATION THE YIELD, 
BOTANICAL AND CHEMICAL COMPOSITION 
IRRIGATED GRASS AND GRASS-CLOVER 
PASTURE 


for publication December 29, 1959] 


ABSTRACT 


irrigated pasture experiment Vancouver Island, soil 
deficient available nitrogen and potassium but apparently containing 
sufficient available phosphorus, calcium and magnesium for adequate plant 
growth, irrigated Ladino clover-grass mixture greatly outproduced 
grass mixture forage, protein and mineral nutrient yield basis. 
order attain even moderate yield with grass mixture, heavy fertiliza- 
tion with nitrogen and potassium was necessary. Nitrogen fertilization 
was not essential high yields with the Ladino clover-grass mixture. 
Nitrogen fertilization tended decrease the per cent Ladino clover and the 
protein and calcium content the clover-grass forage and increased the 
protein content the grass herbage. The calcium content the grass 
herbage was decreased nitrogen fertilization. The phosphorus and 
magnesium contents the clover-grass and grass herbage were not appre- 
ciably altered nitrogen fertilization. Decreasing the time interval be- 
tween nitrogen applications resulted more even production dry 
matter over the growing season but did not increase the total seasonal 
yield. Potassium fertilization increased the yield both mixtures and 
increased the per cent clover the grass-clover sward. Multi-annual 
potassium applications were required for the elimination plant potassium 
deficiency symptoms and the applied potassium was quickly absorbed 
the plants. Grass herbage contained more potassium, slightly more phos- 
phorus and less calcium, magnesium and nitrogen than grass-clover herbage. 


INTRODUCTION 

The effect fertilizing pasture grasses and clovers and mixtures 
these two components has been the subject many research studies. Such 
studies have been complicated the fact that fertilization, the height and 
frequency cutting, irrigation and other management factors influenced 
the botanical composition and yield grass-clover swards. Optimum con- 
ditions could pertain when the fertilizer and management 
program imposed the pasture mixture result the maximum economic 
yield nutritious forage. evaluating pasture production the forage 
nutrient content should considered addition total yield. com- 
plete evaluation this problem should include the response the grazing 
animal the pasture herbage. 

Several workers have emphasized the adaptability Ladino clover and 
orchard grass irrigated pasture conditions the northwest United 
States (10, 11, 12, 16, 17). The response grass nitrogen fertilization 
and the relatively greater response grass compared clover when 
grass-clover swards are fertilized with nitrogen has been observed (4, 
13, 14, 23). 

The use irrigated pastures Vancouver Island has increased ma- 
terially recent years. The objective this research was obtain 
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information regarding the productivity irrigated grass and grass-clover 

asture swards under varying fertilizer treatments. nitrogen deficiencies 
are encountered all mineral soils Vancouver Island the response the 

asture swards varying rates and frequencies nitrogen application was 
considered the major objective the experiment. study the effects 
fertilization and plant composition forage yield, content nitrogen 
and certain important minerals was considered important evaluating the 
different treatments. Also was felt that the effects fertilization the 
botanical composition the grass-clover pasture sward should evaluated. 


MATERIALS AND METHODS 

The field plots were established split-plot experiment with four 
replications. The sub-plots consisted two seeding mixtures and the main 
plots consisted eight fertilizer treatments. The sub-plots were random- 
ized within the main plots and the main plots were randomized within each 
replication. area 180 square feet was clipped from each foot 
sub-plot for yield and other data. 

Mixture consisted equal amounts perennial rye grass and orchard 
grass with total seeding rate pounds per acre. Mixture 
pounds Ladino clover were added Mixture 

The plots were seeded June 1954, following blanket treatment 
with K,O application 40, and pounds per acre respec- 


TABLE FERTILIZER TREATMENTS 


Pounds per acre 


Treat- Total 
ment 
season 
1955 
1956 
1957 


y 
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tively and satisfactory stand resulted. Initial yield clips were removed 
1955. 

Throughout the experiment P,O,, and K,O were supplied am- 
monium nitrate, per cent superphosphate, and muriate potash 
respectively. 1956 and 1957 gypsum was applied the plots which did 
not receive phosphorus balance the amount sulphur supplied super- 
phosphate. The fertilizer treatments applied are given Table The 
increased potassium applications 1956 and 1957 were considered necessa 
because the prevalence potassium deficiency symptoms 1955 and 
1956. applications were found necessary order pre- 
vent deficiency symptoms particularly Ladino clover. 

The experiment was laid down Tolmie sandy clay loam soil type 
(21) the Experimental Farm, Saanichton, British Columbia. de- 
scribed imperfectly drained Dark-Grey Gleizolic soil developed under 
Douglas fir, maple, willow, fern bracken cover. 

The results analyses soil samples which were removed August 
1956 are listed Table The soil samples for determinations 
were removed from grass mixture plots that received low and high nitrogen 
applications (Treatments and D). readings did not vary signifi- 
cantly between the low and high nitrogen treatments. Soil samples for 
cation exchange capacity and exchangeable cation determinations were 
removed from Treatment plots and for the determinations from Treat- 
ment The cation exchange capacity determinations were made using 
ammonium acetate (2, 20) and phosphorus determinations made using 
the sodium bicarbonate method (2, 18). 

The soil analyses (Table indicate that the soil had moderately low 
cation exchange capacity and low level exchangeable The amounts 
exchangeable and appear adequate for plant growth. The 
level the surface soil was also probably adequate for plant 
growth (1). 

Bouyoucos gypsum blocks (5) located 12-, 18-, 24-, and 36-inch 
depths were used guide irrigation. Resistance readings were not 
allowed exceed 20,000 ohms which ensured that soil moisture was main- 
tained well above wilting point all times. Water was applied each 
irrigation until all resistance blocks recorded reading not exceeding 
1000 ohms. was applied blanket applications the entire plot area 
using sprinklers. 

Bi-annual applications 2,4-D; 2,4,5-T combination the rate 
pounds active ingredient per acre were required control volunteer 


TABLE RESULTS SOIL ANALYSES 


Depth M.E. per 100 grams soil 
sampling (p.p.m.) 
(inches) CEC Exch. Exch. Exch. 
0-6 5.60 0.13 9.2 0.17 
12-18 6.00 3.3 14.10 0.17 11.0 0.20 
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white clover and certain broad-leaf weeds the grass mixture plots. Weed 
and volunteer-species control was not problem the grass-clover plots. 


The initial clip each season was taken when inches growth was 
registered any the plots. Subsequent clips were taken 3-week 
clipping interval. Clips were performed using mower with 3-foot 
cutter-bar set height inch. Growth the more productive plots 
equalled exceeded inches each clipping date. The first and last 
cutting dates for each year the experiment are given Table 


the estimation per cent grass and clover the components were 
hand-separated and per cents grass and clover expressed air dry- 
weight basis. Plant chemical contents are expressed per cent oven 
dry-weight plant material. Nitrogen was determined using the Kjeldahl 
method and protein estimated multiplying the nitrogen content 
factor 6.25 (3). The procedures used the determination phos- 


TABLE FIRST AND LAST CUTTING DATES 


First cutting Last cutting Cutting No. 
date date interval cuts 
1955 April Sept. weeks 
TABLE SUMMARY STATISTICAL ANALYSIS 
D.M.| 
Yield tein |Clover 
1955 
Cuts mens *** *** 
1956 
Cuts ** ** ** 
1957 


* Effect significant at 5% probability level 
** Effect significant at 1% probability level 
Effect not significant probability level 
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GRASS CLOVER MIXTURE 
MATTER YIELD 
V-NITROGEN YIELD 600 


GRASS MIXTURE 300 
X-DRY MATTER YIELD 
+-NITROGEN 


4000 


10,000 


8000 
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ANNUAL DRY MATTER YIELD POUNDS PER ACRE 
ANNUAL NITROGEN POUNDS PER ACRE 


100 200 300 
NITROGEN APPLIED- POUNDS PER ACRE 


Figure 1955-1957 mean nitrogen and dry matter yields resulting from different 
rates nitrogen application. 


phorus, potassium, calcium, and magnesium, were reported Ward and 
Johnson (24). All colorimetric and turbidimetric determinations were 
made using Beckman model spectrophotometer. 


RESULTS AND DISCUSSION 
Dry Matter Yields 

apparent from Figure and Table that annual and average 
yields the grass-clover mixture considerably exceeded the yields the 
grass mixture over the 3-year period. The 3-year mean annual dry-matter 
yields recorded the grass-clover and grass mixtures were 9150 and 4660 
pounds per acre respectively. The grass-clover mixture which received 
nitrogen fertilization produced average 8520 pounds dry matter 
per acre per year. The grass mixture, when fertilized with 270 pounds 
nitrogen per year six applications, produced 6450 pounds dry matter 
per acre per year. Non-nitrogen fertilized grass produced only 1590 
pounds dry matter per acre per year. apparent from study 
Figure that the grass-clover mixture tended give less variable production 
over the growing season than the grass mixture. 

Figure shows that the dry matter yield the grass mixture increased 
the rate nitrogen fertilization was increased. The first, second, and 
third 90-pound increments nitrogen resulted dry-matter increases 
19.8, 19.5, and 14.5 pounds respectively for each pound nitrogen applied 
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TABLE 5. — DRY MATTER YIELD AND FORAGE CONTENT OF CERTAIN NUTRIENTS 


Seasonal total Av. 
dry matter yield annual 
yields 


Mixture (Grass Mixture) 
16.0 


1830 1500 1440 1590 0.45 2.31 0.67 0.28 
3530 3450 3160 3380 17.4 0.42 2.64 0.46 0.28 
5030 5150 5220 5130 18.9 0.37 2.62 0.37 0.28 
6460 6270 6610 6450 19.9 0.37 2.45 0.35 0.29 
5310 4540 5380 5080 17.9 0.41 2.67 0.38 0.26 
5230 4630 5020 4960 18.2 0.44 1.65 0.49 0.30 
5630 5160 5920 5570 18.3 0.48 2.81 0.44 0.27 

(+P) 5230 5160 5920 5440 18.0 0.45 2.68 0.39 0.26 

Mixture (Grass-Clover) 

8670 9140 7740 8520 27.1 0.38 1.89 1.40 0.33 
9190 9750 8620 9190 26.4 0.39 2.08 1.20 0.34 
9060 9710 9060 9280 26.0 0.37 2.10 0.98 0.33 
9320 9460 9300 9360 25.9 0.37 2.08 0.88 0.33 
9320 9460 9420 9400 26.0 0.40 2.16 0.98 0.32 
8960 7930 6184 7690 25.5 0.50 1.01 1.00 0.37 
(+K) 9960 10070 9640 9890 25.9 0.46 2.17 1.07 0.34 

(+P) 8960 10070 9640 9560 25.7 0.45 2.11 1.05 0.34 


1_Pp and —K means no K or P were applied 
+P and +K means that K or P were applied 


the grass sward. comparison Treatments and Figure shows 
that applying nitrogen six times, rather than three times, during each year 
resulted more even distribution production both over 
the growing season. However, the more frequent nitrogen applications did 
not increase the total seasonal yield either mixture compared with the 
less frequent nitrogen applications. Nitrogen applications totalling 
pounds per acre per year increased the dry-matter yield the grass-clover 
mixture 670 pounds per acre per year (Table but further increased 
rates nitrogen applications failed consistently further increase yields. 
view the fact that nitrogen applications tended decrease the per 
cent clover the grass-clover pasture sward (Figure 4), the increase 
yield was probably associated with substantial increase the growth 
grass resulting from nitrogen fertilization. 

Table shows that the dry-matter yields both mixtures were in- 
creased the application potassium fertilizer but the increases were 
much greater for the grass-clover than for the grass mixture. The yield 
increase resulting from potassium applications became greater the dura- 
tion the experiment increased. This was probably due increasingly 
acute deficiency potassium the non-potassium fertilized plots and pro- 
gressively heavier applications the duration the experiment increased. 
Non-potassium and potassium fertilized grass-clover plots averaged 7690 and 
9890 pounds per acre dry-matter per year respectively. The grass-clover 
yield response potassium fertilization was undoubtedly associated with 
the increased stand clover resulting from potassium fertilization. (See 
discussion under “Percentage Clover”). The response grass potassium 
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(Grass) 
1500 
1000 
180/3 
1000 
270/6 
1000 
90/6 
1000 
500 
12345678 12345678 
CuT CUT 


Ficure 1955-57 mean dry matter yields (mixtures cuts nitrogen treatments). 
180/3 means three applications nitrogen totalling 180 pounds per season. 180/6 means 
six applications nitrogen totalling 180 pounds per season, etc. 


fertilization would also enhance the yield the grass-clover mixture. 
Phosphorus applications failed appreciably increase the dry-matter yield 
either mixture. 


Herbage Protein Content 


Over the 3-year period the average protein contents recorded the 
grass and grass-clover mixture were 18.0 and 26.1 per cent respectively. 
Figure and Table show that nitrogen applications tended increase 
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NITROGEN APPLIED POUNDS PER ACRE 


1955-57 mean per cent protein and annual protein yields resulting from 
different rates nitrogen application. 


the protein content the grass herbage and decrease the protein content 
the grass-clover herbage. The decrease the herbage protein content 
the grass-clover mixture was probably associated with the reduced per 
cent stand clover (Figure +). Grass that received nitrogen and 
270 pounds nitrogen per year produced herbage containing 16.0 and 
19.9 per cent protein respectively the basis the 3-year average results. 
For the same nitrogen treatments the grass-clover herbage contained 27.1 
and 25.9 per cent protein. noted Figure that nitrogen 
fertilized grass herbage produced less protein both yield and per cent 
basis than non-nitrogen fertilized grass-clover herbage. study the 
protein contents recorded for Treatments and Figure and Table 
reveals that six applications nitrogen resulted less variation the 
herbage protein content over the growing season and increased the 
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Ficure 1955-57 mean mineral content herbage and 1956-57 per cent clover 
resulting from varying rates nitrogen application. 


Legend: 
Grass-clover mixture Grass mixture 
(1) Per cent clover (2) Per cent potassium 
(3) Per cent potassium (5) Per cent calcium 
(4) Per cent calcium (6) Per cent phosphorus 
(7) Per cent phosphorus (8) Per cent magnesium 


(9) Per cent magnesium 


seasonal average protein content compared three nitrogen applications 
each season. shows that the application potassium phosphorus 
fertilizer did not appreciably alter the per cent protein content either 


Nitrogen Yields 
Over the 3-year period the average nitrogen yields per season for the 
grass and grass-clover mixtures were 128 and 384 pounds per acre respec- 
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tively. The non-nitrogen fertilized grass-clover mixture produced 
average 360 pounds nitrogen per acre per season. The most heavily 
nitrogen fertilized grass mixture produced average 200 pounds 
nitrogen per acre per season. The non-nitrogen fertilized grass mixture 
yielded average only pounds per acre nitrogen per season. The 
inclusion Ladino clover the mixture, therefore, increased the nitrogen 
yield 320 pounds per acre per season for non-nitrogen fertilized swards. 

Figure shows that nitrogen fertilization did not appreciably increase 
the nitrogen yield recorded the grass-clover mixture over the 3-year 
period. This was probably due decrease the per cent stand 
clover. The nitrogen yield the grass mixture was substantially increased 
nitrogen fertilization. Non-nitrogen fertilized grass yielded only 
pounds per acre per season nitrogen whereas 270 pounds nitrogen 
annually applied six applications grass resulted yield 200 pounds 
per acre per season. Six nitrogen applications per season (Treatment 
did not increase the seasonal nitrogen yield the grass mixture over three 
nitrogen applications per year (Treatment E). Figure however, reveals 
that the more frequent nitrogen applications resulted more even pro- 
duction nitrogen over the growing season the grass mixture. 

The non-nitrogen fertilized grass-clover plots yielded 360 pounds 
nitrogen per acre per year, and those receiving 270 pounds nitrogen per 
acre yielded 384 pounds. This indicates lower nitrogen fixation the 
nitrogen fertilized grass-clover mixture compared the non-nitrogen 
fertilized grass-clover mixture. This undoubtedly partly related the 
fact that nitrogen applications resulted lower per cent stand clover 
the grass-clover sward, but the reduced stand clover could hardly 
account for the entire decrease nitrogen fixation. 

Per Cent Clover 

Figure shows that non-nitrogen fertilized grass-clover plots averaged 
per cent clover and the 270 pounds nitrogen per acre treatment per 
cent for the years 1956 and 1957. These results indicate, however, that 
under the conditions the experiment, Ladino clover was quite tolerant 
reveal that varying the frequency nitrogen applications apparently had 
little effect the per cent stand Ladino clover. 

Fertilization with phosphorus had little effect the per cent stand 

Ladino clover. Soil and plant analyses and the absence yield 
response phosphorus applications indicate the presence adequate levels 
phosphorus for satisfactory plant growth. 
Potassium fertilization increased the average per cent stand clover 
the grass-clover mixture from per cent 1956-57. Table 
shows that the 3-year mean potassium content the grass-clover herbage 
from plots receiving potassium fertilization was 1.01 per cent. This 
potassium content indicates low level potassium the herbage which 
was undoubtedly related low potassium level the soil was indicated 
the soil test (Table 2). 

Figure shows that the calcium content the grass-clover herbage 
decreased the per cent clover content the herbage decreased. The 
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MIXTURE MIXTURE 
(GRASS) FERTILIZER (GRASS CLOVER) 
TREATMENT 
25-0 
180/3 
10/32-5 
25-0 
270/6 
WwW 
a 
WwW 
e 
a 
25-0 
90/6 


Ficure 1955-57 mean per cent protein (mixtures cuts nitrogen treatments). 


phosphorus content the herbage was influenced very little the per 
cent clover the sward. There was slight tendency for the potassium 
content the herbage increase the per cent clover the sward 
decreased from per cent. The per cent clover the sward had 
appreciable influence the magnesium content the herbage. 


Herbage Phosphorus Content 

Over the 3-year period the grass and grass-clover mixtures produced 
herbage containing 0.43 and 0.41 per cent phosphorus respectively. Results 
obtained other workers (9, 15, 22) suggest that these phosphorus con- 
tents are adequate for satisfactory plant growth. Table and Figure 
indicate that there was slight tendency for the phosphorus content 
the grass herbage decrease the amount nitrogen applied was in- 
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creased. Grass plots that received and 270 pounds per acre nitrogen 
produced herbage containing 0.45 and 0.37 per cent phosphorus respectively. 
The yield phosphorus increased with nitrogen fertilization, however. 
Nitrogen fertilization did not influence the phosphorus content the 
grass-clover herbage. Phosphorus fertilization slightly increased the phos- 
phorus content both mixtures. 

Potassium fertilization did not have consistent effect the phos- 
phorus content the herbage but consistently increased phosphorus 
yields. 


Herbage Potassium Content 

The average potassium contents for the grass and grass-clover herbage 
were 2.47 and 1.95 per cent respectively over the 3-year period. The total 
amount potassium removed, however, was greater for the grass-clover 
mixture than for the grass mixture due the substantially higher dry-matter 
yield the former. Nitrogen applications totalling pounds per acre 
increased the potassium content the grass herbage during each year 
the experiment. Table shows that grass herbage receiving nitrogen 
and pounds nitrogen contained 2.31 and 2.64 per cent potassium 
respectively over the 3-year period. Table and Figure show that 
nitrogen applications excess pounds per acre tended decrease 
the potassium content the grass herbage. The potassium yield the 
grass mixture was increased the heavier nitrogen applications however. 
Over the 3-year period the potassium content the grass-clover mixture 
was increased from 1.89 2.08 per cent the 90-pound nitrogen treat- 
ment. Nitrogen applications excess pounds per acre, however, did 
not further increase the content the herbage. Phosphorus applications 
had consistent effect the herbage potassium content either mixture. 

Table reveals for the 3-year period that potassium fertilization in- 
creased the potassium content the herbage for each mixture. Potassium 
fertilization increased the potassium content the grass herbage from 
1.65 2.81 per cent, and the potassium content the grass-clover herbage 
from 1.01 2.17 per cent. 

Figure shows that 1957 potassium applications were followed 
increased potassium content both grass and grass-clover herbage and 
indicates that the applied potassium was quickly taken the plants. 
This figure also demonstrates the variability plant potassium content 
over the growing season for non-potassium fertilized swards. The rapid 
potassium absorption the plants and the fluctuation plant potassium 
content suggests that under circumstances similar those pertaining this 
experiment multi-annual potassium applications are necessary. 


Herbage Calcium Content 


Calcium contents 0.45 and 1.07 per cent were recorded for the grass 
and grass-clover herbage respectively over the 3-year period. 
noted Table and Figure that nitrogen applications reduced the plant 
calcium content both mixtures appreciably. Grass plots that received 
nitrogen and 270 pounds nitrogen per acre produced herbage con- 
taining 0.67 per cent and 0.35 per cent calcium respectively. the same 
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MIXTURE MIXTURE 
(GRASS) FERTILIZER 
TREATMENT 


180/3 


270/6 


180/6 


NITROGEN POUNDS PER ACRE 


90/6 


CUT CUT 


Ficure 1955-57 mean nitrogen yields (mixtures cuts nitrogen treatments). 


basis, grass-clover herbage contained 1.40 and 0.88 per cent calcium. Un- 
doubtedly the reduced per cent stand clover induced the nitrogen 
treatments was largely responsible for the reduction the calcium content 
the grass-clover herbage. The application phosphorus fertilizer had 
appreciable effect the herbage calcium content either mixture. 
1955, pounds per acre K,O increased the calcium content 
the grass herbage from 0.43 0.59 per cent. 1956, reduction the 
content the grass herbage from 0.51 0.41 per cent resulted 
from K,O applications totalling 200 pounds per acre per season. 1957, 
300 pounds per acre K,O reduced the calcium content the grass 
herbage from 0.53 0.34 per cent and resulted substantially lower 
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FERTILIZER 
TREATMENT 


180/3 
0/90 


270/6 
0/90 


180/6 


PERCENT CLOVER 


90/6 


CUT 


Ficure 1956-57 mean per cent clover (grass-clover mixture) (cuts nitrogen 
treatments). 
yield calcium. These results indicate that the calcium content grass 
herbage was reduced the heavier applications potassium. The calcium 
content the grass-clover herbage was not appreciably affected 
potassium applications. The fact that potassium applications the grass- 
clover mixture did not decrease the herbage calcium content probably 
related the increased per cent clover content resulting from the 
potassium applications. 


0/90 
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Grass 
With 
applied 


Ficure Per cent herbage fertilized and non-K fertilized grass and 
grass-clover swards. Each pair bars represents clipping. The open portion the 
bottom each bar represents the content non-fertilized herbage. The total 
height the bar represents the content fertilized herbage. Hatched bars represent 
the grass-clover mixture. Solid bars represent the grass mixture. Dates application 
represented 100 pounds per acre applied each time. 


Herbage Magnesium Content 


Over the 3-year period the experiment herbage from the grass and 
grass-clover mixtures contained 0.28 and 0.34 per cent magnesium respec- 
tively. Plant magnesium contents and soil test values for magnesium 
indicate adequate supply magnesium for plant growth. Table and 
Figure show that applications nitrogen phosphorus did not have 
any appreciable effect the magnesium content herbage from either 
mixture. Potassium applications decreased the herbage magnesium content 
both mixtures. 1957, 300 pounds per acre K,O decreased the 
magnesium content the grass herbage from 0.35 0.27 per cent and 
decreased the magnesium content the grass-clover herbage from 0.40 
0.32 per cent. Potassium fertilization, however, increased the magnesium 
yield the grass-clover mixture. This increased magnesium yield was 
probably associated with the increased yield and increased per cent stand 
clover resulting from potassium fertilization. The magnesium yield 
the grass mixture was not appreciably affected potassium fertilization. 


CONCLUSIONS 
Many advantages favour Ladino clover-grass mixture com- 
pared grass mixture have been demonstrated for the soil, climatic, 
and management factors pertinent this experiment. Such advantages 
include higher yield dry matter, protein and certain mineral nutrients, 
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more even forage production over the growing season, diminished nitrogen 
fertilizer requirements and reduced weed and volunteer species control 
problem. evaluating these results, however, one must bear mind that 
certain the management practices, particularly the frequency and height 
clipping, would influence the botanical composition the sward. 
would expected that comparable grazing interval and grazing height 
would render results similar those obtained this study. probable 
that less frequent clipping and somewhat greater clipping height would 
have resulted larger seasonal dry matter yields has been demonstrated 
other experiments (6, 19). 

has been mentioned the Introduction that complete evaluation 
study this nature not possible unless the animal factor 
Certainly one would want evaluate the bloat problem which might 
associated with some the swards carrying relatively high per cent 
clover. might found necessary reduce the per cent stand clover 
through certain management practices such less frequent clipping 
grazing, reduced clover seeding rate, nitrogen fertilization, feeding 
clipped and wilted forage bloat were avoided. complete evalua- 
tion would also based animal responses, other than bloat, the 
forage produced. Such evaluation might include milk meat produc- 
tion and prevalence animal physiological disorders and disease. 

The application potassium fertilizer under conditions similar 
those pertaining this study should further investigated. The results 
this experiment indicate distinct advantage favour multi-annual 
applications potassium. Further information, however, regarding the 
precise rate and frequency such applications would desirable. The 
rapid rate which potassium absorbed the plants and the fluctuating 
plant potassium content over the growing season indicate that probably 
frequent light potassium applications would advantageous. The results 
indicate that relatively heavy and infrequent potassium applications lead 
‘luxury consumption’ potassium particularly the grass component. 
This situation could undoubtedly alleviated more frequent and lighter 
potassium applications. 
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NOTE TWO ELECTROLYTIC METHODS FOR 
DETERMINING FROST HARDINESS FRUIT TREES' 


Previous studies (3, have indicated the usefulness electrolytic 
method for evaluating both relative and absolute frost hardiness apple 
tissues. For these studies the electrical conductivity tissues was deter- 
mined immersing plates electrodes water into which electrolytes 
from the plant tissues had been allowed diffuse and recording the readings 
micromhos. Others (1, have suggested method which points 
electrodes are clamped into the plant tissues and the resistance determined 
directly ohms. The latter method very rapid and does not destroy 
the experimental material while testing it. This obvious advantage 
the plant breeder requiring the test for hardiness. The object this 
study was compare the relative efficiency the two methods for 
studying frost hardiness plants. 


The equipment used determine the electrical resistance shown 
Figure was modified from the apparatus suggested Filinger al. 
(1), thus enabling the testing succulent growth young seedlings 
well twigs mature trees situ. this apparatus (Figure the 
distance between the electrodes was narrowed from about inches 
inch and the electrodes were fixed light aluminum handles weighing 
about grams instead heavy electrical contacts separated non- 
conductive fibre bar suggested Filinger (1). The electrodes were 
made steel needles inch long, protruded from the fibre insulator 
inch thickness shown Figure The fibre insulator was secured 
the upper aluminum jaw two brass screws. The screws were in- 
sulated from the jaw with insulating fibre washers. The electrodes were 
soldered into opening previously drilled through the two screws. The 
lower aluminum jaw was provided with openings inch deep, which was 
sufficient clearance avoid injury the electrodes. One-sixteenth 
inch piano wire was used spring the handle apply pressure 
the jaws. The resistance measurements were made with wheatstone 
bridge equipped with earphones (Figure 1). 


1Contribution No. 60 from the Plant Research Institute and Agricultural Engineering Research 
Service, Research Branch, Canada Department of Agriculture, Ottawa, Ont. 


TABLE 1.—RESISTANCE READINGS OF THREE VARIETIES OF STORED APPLE SHOOTS SUBJECTED 
TO SPECIFIED TEMPERATURES UNDER CONTROLLED CONDITIONS IN DECEMBER 1958 


Resistance readings ohms 


Temperatures 
Northern Antonovka 
Spy 

Storage (check) 33000 36000 42000 
36000 42000 46000 
34000 39000 50000 
25000 34000 46000 
24000 32000 40000 

14000 23000 34000 
20°F. 9000 16000 24000 
8000 14000 18000 
Average 22875 29500 37500 
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TABLE 2—ELECTROLYTIC CHANGES SHOOTS NORTHERN SPY APPLE FOLLOWING INDOOR 
STORAGE AND OUTDOOR EXPOSURES DECEMBER 1958 


Electrolytic readings 


Treatment 
Resistance Conductivity 
ohms micromhos 


Indoor 24000 270 
Outdoor 21000 470 


Indoor 28000 220 
Outdoor 23000 450 


Determinations were made shoots 2-year-old potted apple trees 
Northern Spy, McIntosh and Antonovka grown robusta rootstock. 
During the period study portion the plant population was held under 
outdoor conditions, while the other portion was removed storage 
3°F. November 19, 1958. material held out doors was 
subjected minimum air temperature the time the first 
sampling December 18, and minimum temperature —26°F. 
December 30, 1958. the other hand, material placed storage 
November 19, 1958, had only been subjected minimum temperature 
22°F. 


Table presents the resistance readings made the three varieties 
apple shoots taken from storage and subjected specified freezing tem- 
peratures under controlled conditions. The data showed that there was 
consistent reduction resistance readings with increasing freezing tempera- 
tures. The rate reduction was not rapid Northern 
Spy, nor did reach the same low level even when exposed —30°F. 
Marked reduction resistance Antonovka did not take place until 
tissues were exposed —10°F. and —20°F. The trends decrease 
resistance response freezing temperatures correspond closely the 
trends increasing conductivity extracts made similar apple twigs 
exposed the same temperatures reported previously (4, 5). These 
findings were again verified results similar controlled freezing treat- 
ments 1959-1960. 


The data Table show the electrolytic changes shoots which 
followed the outdoor exposure apple trees. These changes substantiated 
the results the controlled freezing treatments shown Table Both 
studies indicated that there was reduction resistance readings apple 
shoots with increasing freezing temperatures. has previously been 
shown (3, that conductivity readings 450 470 micromhos are 
usually associated with cell injury due freezing temperatures. this 
basis, the readings Table suggested that injury could have occurred 
the shoots held out doors but not the stored material. was thus 
expected that the resistance readings obtained the stored material should 
higher than those indicated the outdoor material. The differences 
the resistance readings the two differently treated materials, while 
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Equipment used determine electrolytic resistance treated apple 
seedlings. 
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ELECTRODES 


HOLES 


ELECTRODE APPARATUS 


Fic. Detailed study the electrode apparatus. All measurements are given inches. 


corresponding the conductivity readings, were not great would have 
been expected. has not yet been established, the case conduc- 
tivity tests, what readings resistance would correspond critical injury. 
more detailed study may reveal what these critical levels resistance 
readings may be. 

The results these preliminary tests have indicated consistency and 
reliability two electrolytic techniques studying effects freezing 
treatments shoots apple trees. Further studies will conducted 
explore the usefulness such hardiness tests other overwintering plants. 
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NOTE METHOD MEASURING AWN BRITTLENESS 
BARLEY* 


the Atlantic Provinces, difficulties encountered removing awns 
barley during the threshing operation have been serious enough 
prevent number varieties from being grown extensively regardless 
their superiority other respects. 

This problem has received little mention the literature and only 
one reference attempt measure this characteristic has been noted. 
This reference was Platt and Wells (1) wherein they reported they 
measured threshability counting the number kernels with millimetres 
more awns any part the rachis attached after the sample had been 
threshed Kemp thresher. 

The method measuring awn brittleness developed Fredericton 
was based observations that the awns some varieties could removed 
with light touch while awns other varieties could only removed 
with considerable difficulty. Essentially the method consists dropping 
rod specified number awns near their point attachment the 
kernels while the awns and kernels are rigidly held position. Figures 
and show how this done. Figure shows how kernels barley 
are held place curl clips set half-inch intervals; the curl clips are 
held place with screws through the bottom portion the clip. Approxi- 
mately one-half inch the bottom portion the clip has been cut 
that only the top portion holding the kernel. Each kernel resting 
the sponge rubber part weather strip nailed along the edge the 
board which the clips are secured. The rod shown poised distance 
21.5 centimetres above the awns. When the rod released falls down 
through two slots, hitting the awns and usually bending breaking them, 
shown Figure The weight the rod used was 28.5 grams. The 
height drop and weight rod used were determined trials with 
kernels Charlottetown 80, variety generally classed ideal from the 
standpoint awn brittleness. This arrangement removed close 100 per 
the awns Charlottetown repeated trials. 


1Contribution No. 18, Research Station, Research Branch, Canada Department Agriculture, 
Fredericton, New Brunswick. 


TABLE 1.— PERCENTAGE AWNS REMOVED FROM BARLEY VARIETIES 
STANDARD IMPACT 


Percentage awns removed 
Variety Standard 
error mean 

Mean Range 
Fort! 38.7 12-96 
Fort? 36.7 0-88 3.9 
39.0 0-84 4.1 
Montcalm 33.4 4-88 3.4 
Ingrid 63.0 24-88 2.6 
Herta 88.9 48-100 
Charlottetown 95.4 84-100 0.8 


}Grown in Ottawa in 1958 
Grown in Ottawa in 1959 
‘Grown in Fredericton in 1959 
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Figure Equipment used for measuring awn brittleness barley. Barley 


kernels are held position “curl with awns extending beyond edge 
board. 


Rod has been dropped and removed out awns. Remainder 
awns bend without breaking. 
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Samples six varieties barley grown Fredericton 1959 and 
two samples Fort grown Ottawa 1958 and 1959 were tested. The 
sample each case consisted kernels from one spike except the 
case Charlottetown 80, where was impossible obtain that number 
kernels with awns attached from any one spike because too many kernels 
had already shed their awns. Forty samples each variety were tested. 
The average percentage awns removed, the range percentage between 
samples and the standard error the mean each variety are shown 


Table 


The data show varietal differences the percentage awns removed 
this method. The difference 6.5 per cent between Charlottetown 
and Herta highly significant 3.46). Similarly, Herta superior 
Ingrid 8.41) and Ingrid superior Montcalm 6.9). There 
are significant differences between Montcalm, O.A.C. and Fort 
whether the latter was grown Fredericton Ottawa. 


These preliminary results indicate that this method definitely measures 
differences awn brittleness between varieties. The range brittleness 
awns among spikes one variety would appear limit its usefulness 
for comparing present varieties, especially those with tough awns. Work 
currently under way determine the varying degree awn brittleness 
exhibited different spikes one variety heritable character. this 
character proves heritable, this method will provide means 
selecting brittle awned strains. 
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NOTE MECHANICAL TREE PLANTER 
FOR 


machine for planting deciduous and coniferous seedlings has been 
used successfully during the last years the Prairie Provinces, under 
conditions where hand planting was frequently impractical and inefficient, 
Existing machines could not cope with the dust, mulches, trash covers, 
stoniness, and the hard sticky soils encountered. The machine described 
herein able handle all these, and addition has the capacity and 
mobility required for large-scale projects extending over wide areas. 


CONSTRUCTION 

The furrow opener and covering mechanism are shown operating 
position Figure chisel point 8-inch wing shovel mounted 
deep tillage coil shank. Two inch plates steel are 
welded the shank form the V-shaped furrow opener inches wide 
the heel. The covering mechanism consists two 12-inch disks 
mounted flexible arms. 

The packing wheels and seats for the planters are shown Figure 
Standard trailer wheels with industrial tires function packing wheels, the 
distance between these being adjusted turn-buckle accommodate 
trees various sizes. Implement seats for two operators are mounted 
2-inch steel tubing curved shown, with provision for perpendicular and 
lateral adjustment. 

The goose-neck frame, hydraulic lift, depth control, seedling 
containers are shown Figures and The goose-neck frame fabri- 
cated from 4-inch channel steel cupped together. The lift the furrow 
opener standard manually-operated hydraulic cylinder, adapted and 
mounted shown. Two coil tension springs furnish the pressure the 
furrow opener and provide independent freedom pass over buried 
boulders. The depth gauge consists series %-inch holes 
intervals the furrow opener lift arms, and steel pin, inserted according 
the planting depth required. Containers which will hold 8,000 average- 
sized seedlings are made plywood sides and No. gauge steel 
bottoms. They are shaped occupy the available space over the front 
wheels the planter. Foot-rests for the operators are attached the 
containers. 

The front wheels, axle, and hitch are standard trailer type with 
automobile steering principle. 

Blueprints showing details construction all parts the machine 
may obtained writing the Forest Nursery Station, Indian Head, 
Saskatchewan. 

DISCUSSION 

The planter assembled from machine shop fabrications and standard 
implement parts, which make for low-cost production and repair. Parts 
from implements various brands are interchangeable. 

Some machines this design have been used successfully for years 
the Prairie Provinces (Figure trailer hitch with ball and socket 
provides speedy adaptation towing tractor, truck, car. may 


1Contribution No. Forestry Nursery Station, Research Branch, Canada Department Agri- 
culture, Indian Head, Sask. 
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transported the road normal speeds. From 5,000 8,000 seedlings, 
sufficient for miles hedge, can carried the machine where they 
can watered down and protected. The planting completed one 
operation average speed mile per hour, with efficiency and 
operating conditions comparable those other mechanized farm 
practices. Backfilling dry surface soil into contact with the tree roots 
avoided. Trash and rocks rarely interfere delay operations. Power 
required pull the planter comparable that for 16-inch furrow 
mouldboard plough. chisel point and wing shovel are interchangeable 
the furrow opener for use under varying soil conditions. pointed 
bar, mounted ahead the furrow opener and penetrating the soil slightly, 
pushes trash aside, thus preventing blocking the furrow opener. few 
strokes the hydraulic cylinder pump raises the furrow opener, and 
opening the valve returns operation position. designed for 
seedlings from foot not over feet length. 
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NOTE THE INHERITANCE DS; GENE GOVERNING 
MEIOTIC CHROMOSOME BEHAVIOUR 


During routine cytological examination progeny partially sterile 
X-irradiated plants Hordeum vulgare (var. Husky), mutant was 
found which cells Metaphase contained high frequency univalent 
chromosomes. Further examination revealed that the mutant was de- 
synaptic—a meiotic abnormality whereby synapsed homologues disassociate 
precociously because the apparent lack chiasma development. 
phenomenon has been reported occur number plant species and 
all cases where sufficient genetical work has been done, has been found 
brief account the desynaptic mutant occurred common variety 
barley (Husky). 


CYTOLOGY DESYNAPTIC MUTANT 

The most striking characteristic the desynaptic mutant was the 
marked reduction association between homologous chromosomes 
Metaphase meiosis. The majority pollen mother cells observed 
this stage contained high proportion univalent chromosomes, although 
their numbers varied from cell cell any one plant. Figure illustrates 
cell which the whole the chromosome complement had undergone 
desynapsis (14 univalents). Although limited number bivalents were 
found exist the majority cells, chromosome pairing was limited 
“end-to-end” type association. Characteristic such configurations 
was the obvious lack terminalized chiasmata. 


study chromosome behaviour during diplotene showed that 
chromosome synapsis had occurred initially (Figure 2). During diakenesis, 
however, was evident that chiasma formation had failed allowing homolo- 
gous chromosome arms dissociate prior the onset Metaphase 


Very rarely were univalents observed divide first meiotic division. 
examination quartets, however, revealed the presence high 
frequency micronuclei indicating that the poleward movement 
unpaired chromosomes was largely random. The genetically unbalanced 
condition gametes thus formed was further reflected way the 
reduced fertility the desynaptic mutant compared with its normal 
counterpart grown under comparable conditions. 


CYTOLOGY AND POPULATIONS 


Pollen mother cells plants resulting from the cross desynaptic 
(pistillate parent) normal vulgare (var. Husky) were examined 
Metaphase All plants were found heterozygous for single 
reciprocal translocation; the quadrivalent invariably being the form 
ring with the remainder the chromosome complement being represented 
five closed bivalents (Figure 3). cytological analysis total 
183 progeny revealed three distinct cytological classes the following 
proportion: normal (7,,); translocation heterozygotes (0, 
desynaptic. Assuming recessive monofactorial inheritance for the 
mutant condition, approximately one-quarter the population would 


1Contribution from the Department Field Husbandry, University Saskatchewan, Saskatoon, 
Sask., with financial assistance from the Brewing and Malting Barley Research Institute. 
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Meiosis desynaptic mutant and hybrids from the cross 
(Magnification, approximately 1500). 


1 


desynaptic normal”. 


metaphase desynaptic mutant showing complete desynapsis (14 
univalents). 


desynaptic mutant. failure chiasmata formation allows 
chromosome pairs separate precociously. 


2 


First metaphase hybrid showing quadrivalent and five normal 
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desynaptic. The actual number obtained closely fits this expected pro- 

rtion 0.70 0.50). Furthermore, was possible means 
series test crosses obtain desynaptic plants free the chromosome 
exchange. The two phenomena were thereby shown independent 
and the desynaptic character was assumed governed single 
recessive gene, for which the symbol proposed. 
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NOTE VIRUS DISEASE THE CABBAGE LOOPER 
THE OTTAWA VALLEY 


The cabbage looper, Trichoplusia (Hbn.), one complex 
Lepidoptera that attack cabbage and related crops throughout Ontario. 
population fluctuates widely from year year, but until recently serious 
outbreaks this insect rarely occurred, least the eastern part the 
Province. However, 1955, strain the looper resistant DDT ap- 
peared the Ottawa Valley (2), and severe damage was reported 
growers cole crops eastern Ontario and western Quebec. 
the insect was again numerous, and 1959 light outbreak occurred 
throughout the eastern half Ontario. Ottawa, its numbers 1959 
were four times the recorded average for the previous years*. 

During experiments chemical control this insect, the writer 
examined half-acre field late cabbage Aylmer, Quebec, periodically 
during the months July, August, and September, 1959. September 
counts surviving larvae were taken determine the degree control 
afforded the various insecticides. that date most the larvae were 
the final instar the second generation, there being average 
5.5 mature larvae per plant the check plots. The caterpillars appeared 
normal every respect, and most were feeding the centre the 
plants, the heads and wrapper leaves. September 10, the writer 
revisited the field and noted dramatic change. The outer leaves each 
plant contained number mature larvae, obviously the early stages 
disease. The caterpillars had ceased feed, and their body colour had 
changed from shiny green dull, pale yellow (Figure 1). Within 
hours the infected larvae died. The body contents then turned black 
and the dead larvae hung limply from the plants attached only the pro- 
legs (Figure the final stages the skin ruptured, allowing the liquefied 
contents the body ooze out over the leaves. 

The field was observed periodically until the end September, the 
incidence disease, based the examination plants each the 
four check plots, being follows: 


Number mature Percentage showing 
Date larvae per plant disease symptoms 


September 
September 2.4 
September 
September 1.0 100 


September 28, the disease was noted early-instar larvae the 
third generation. Forty-two per cent the population had already de- 
veloped disease symptoms, and mid-October not single healthy larva 
this generation could found. 
Field observations showed that the disease was widespread popula- 
tions the looper throughout Gatineau and Hull counties western 
Quebec. The writer also found larvae Carleton County, Ontario, 
and larvae and prepupae York County. 


data. 
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Figure Mature larva early stages disease. Larva has ceased feed and body 
colour has become pale yellow. 

Same larva hours later. Body contents have turned black and cadaver hangs 
limply from the leaf attached prolegs. 
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Dead larvae contained large numbers virus polyhedra. Examination 
diseased tissues Bucher, Entomology Research Institute for 
Biological Control, Belleville, Ontario, revealed that the virus had attacked 
the nuclei the fat body, connective tissue, hypodermis, blood, and 
tracheal matrix, but not the gut, silk glands, malpighian tubules, nerves. 


This appears the first report the virus from Canada, although 
polyhedrosis disease the cabbage looper, characterized many the 
above symptoms, has been known occur the United States for several 
years (3, 6). With the recent appearance DDT-resistant strains the 
looper and the corresponding increase its abundance, the virus has as- 
sumed important role controlling natural populations the insect 
(4, 5). Hall (1), and McEwen and Hervey (4), have artificially dis- 
seminated the virus attempts control the looper experimentally. 


The spectacular suddenness with which the disease appeared Aylmer 
may perhaps attributed the unusually high temperatures, 9.8°F. above 
normal, that prevailed during the first days September. During the 
48-hour interval between visits the field September and 10, the 
mean temperature recorded the Central Experimental Farm, Ottawa, was 
That temperature governs the incubation period the virus has 
been noted other workers (1, 5). 
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NOTE TECHNIQUE FOR THE PRODUCTION 
STERILE SULPHUR-FREE POT CULTURES FOR 


the course study investigate the combined effects sulphur 
and nitrogen fertilization, and inoculation with nodule bacteria, the 
growth sweet clover and alfalfa, two major problems were encountered, 
was difficult eliminate all sources sulphur the cultures, and 
prevent contamination from outside sources nodule bacteria—presumably 
air-borne. 

Efforts use natural soil, deficient sulphur, were unsuccessful. 
This failure was probably caused increase available sulphur due 
the heat sterilization (5), the effects drying, screening, and 
rewetting (2). Glazed earthenware pots also proved unusable, even 
though the pots were thoroughly scrubbed before washing distilled 
water, and carefully selected for freedom from cracks and chips. Ap- 
parently pits the inside the pots allowed them absorb and retain 
enough sulphur during previous usage support plant growth (3). 

was found virtually impossible exclude air-borne nodule bacteria 
from open pots. These organisms must have moisture become motile 
and penetrate the roots. Thus, dry surface must maintained the 
culture medium contamination will result. 


1This note represents summary part thesis submitted the senior author the 
Saskatchewan partial fulfilment the requirements for the degree Master 
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After several attempts, the following modification the technique 
used Erdman and Burton (4) was developed, and nodule-free, sulphur- 
deficient cultures were produced without difficulty: 


Sterile legume seedlings were produced according the method used 
Ash and Allen (1), and ordinary glass jars with fluid capacity 
128 ounces were used containers. cross-section one the jars 
would appear time planting illustrated Figure 

The jars were covered with aluminum foil exclude light. Coarse 
glass chips dispersed liquids from the watering tube the medium 
vermiculite plus nutrient solution. layer 60-mesh, leached 
white sand was placed top the medium. The sand necessary 
anchor the roots the seedlings the early stages development. The 
jars and contents were capped with aluminum foil and autoclaved for 
hours 250°F. After planting sterile seedlings, layer dry, 
sterile vermiculite was placed the surface the sand. Further additions 
nutrient solution were made throughout the growth period about 
2-week intervals. Jars were weighed daily and distilled water added 
maintain weight. 
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NOTE THE MOISTURE REQUIREMENTS THE 
STRATIFYING MEDIA FOR SEED 
CARAGANA ARBORESCENS, LAM. 


Existence seed viability problem for Caragana arborescens Lam. 
the Siberian peatree, has been established (2), despite reports the contrary 
(3). Stratification caragana seed moist sand for days 41°F. was 
found induce per cent germination days, for one tree selection 
(1). This paper reports investigation determine the optimum 
moisture level media for stratifying caragana seed. 

Ottawa Silica sand, containing per cent, per cent, per cent and 
per cent moisture and local sand with per cent moisture, were 
investigated stratifying media for caragana seed. sand was previously 
sterilized heating oven for hours 100°C. Distilled water 
was added percentage the oven dry weight give the five levels 
moisture desired. Open-pollinated seed one size from two caragana 
selections was surface sterilized and then stratified each the above 
media for days 41°F. content each seed lot was deter- 
mined before and after stratification. 

Capacity and speed germination were the criteria used evaluate 
the stratification media. The germination medium was 1:1 mixture 
sand and soil, which had been sterilized with methyl bromide gas. 
split-plot design was used for the germination test with five replications 
seeds for each seedtree and treatment. Funigicides* control damping- 
off diseases were applied weekly intervals after sowing the seed. 
Germination was recorded daily for weeks. 

The influence moisture content the stratification medium seed 
germination apparent from the results listed Table 

Germination was greatest following stratification Ottawa Silica sand 
with per cent moisture, but not significantly greater than that for Ottawa 
Silica sand with per cent local sand with per cent moisture. 
the other hand, germination was significantly less following stratification 
sand with per cent and per cent moisture. Maximum and earliest 
germination was obtained Ottawa Silica sand with from per cent 
per cent moisture. 


and tersan 0.4 gm. per sq. ft. 


TABLE 1.—GERMINATION CARAGANA SEED FOR FIVE STRATIFICATION TREATMENTS 
(MEAN REPLICATIONS AND SEEDLOTS) 


Media Germination 
Seed 
moisture! 
Sand Moisture Speed? 

(%) (%) (Index) (%) 
Ottawa 53.8 87. 
Ottawa 53.4 86.5 
Local 54.8 85.5 
Ottawa 56.7 43* 52.0* 


1Percentage moisture after stratification 

2Germination speed index, the larger value the earlier emergence 
3Germination in 21 days as percentage of seed sown 
*Significantly lower germination than preceding 
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NOTE THE EFFECTIVENESS INSECTICIDES APPLIED 
MINERAL SOILS VARIOUS LEVELS ACIDITY, WITH 
AND WITHOUT LIME APPLICATIONS TIME SEEDING, 
CONTROLLING ROOT MAGGOTS ATTACKING 


Recent emphasis the use lime soil fertilization has raised the 
problem whether not the effectiveness insecticides applied the 
soil was influenced lime soil pH. This report the effectiveness 
heptachlor and parathion controlling root maggots, chiefly Hylemya 
brassicae (Bouché), attacking rutabagas grown mineral soils various 
levels acidity and soils where applications lime were made immediately 
before planting. 

split-plot, randomized block experiment was conducted cultural 
area where lime had been applied 5-year intervals beginning 1941 
rates from 4000 pounds per acre. The soil the area was classed 
fine sandy loam loam. Rates lime used the rotation plan, the rates 
applied sub-sections seeding time, and the levels the soil each 
sub-section are given Table insecticide treatment and the check 
was replicated three times single-row plots within each sub-section. The 
lime treatments were broadcast and raked into the upper inches soil. 
The insecticides were applied June with machine that sowed the 
rutabaga seed and precisely applied the insecticide 5-inch band, 
inches below the seed ridged rows, one operation. Final records were 
obtained October 15. 

Root maggot infestations were severe the area during the season 
and detailed information was obtained the initial and the residual effec- 
tiveness the insecticides controlling root maggot injury. Chemical 


1Contribution No. 60, Research Laboratory, Canada Department Agriculture, Charlottetown, 
Prince Edward Island. 


TABLE 1.—NUMBERS LARVAL TUNNELS PER 100 RUTABAGAS AND DAMAGE INDEXES AFTER 

TWO INSECTICIDES WERE APPLIED SOILS VARIOUS LEVELS, LIME HAVING BEEN 

APPLIED ROTATION ALL THE SECTIONS THE EXPERIMENTAL AREA, AND PLANT- 
ING TIME HALF EACH SECTION 


Lime Larval Damage 
rotation |seeding Parathion| Check |Heptachlor| Parathion| Check 
500 5.28 25(98) 145(86) 1040 100 
2000 5.41 70(94) 260(77) 1130 
3000 6.01 25(98) 240(80) 1210 100 
4000 6.39 90(93) 325(75) 1260 100 
500 500 5.50 100(92) 90(92) 1160 
1000 1000 5.44 132(92) 220(70) 720 
2000 2000 5.78 100(91) 100(91) 1070 
3000 3000 6.34 60(94) 37(96) 1000 
4000 4000 6.68 37(96) 130(85) 860 


1In pounds per acre, applied at 5-year intervals; last application June 1956. 3 

°Soil acidity records taken at time crop was harvested (October 25, 1959); pH levels in the spring before 
planting were slightly lower in all sections. 

3 Averages for three replicates. Figures in parentheses are percentages of control. 

King and Forbes. Econ. Entomol. 47: 607-615. 1954. 
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bio-assay analyses the soil the fall for insecticide residues were there- 
fore not considered necessary. harvest, records were taken the 
number root maggot tunnels per plant and the degree root injury. 

Table shows the results the heptachlor and parathion treatments 
soils that ranged from 5.00 6.68. Both heptachlor and parathion 
gave highly significant control all the limited sections. There was 
significant difference the degree control obtained between replicates 
treatments. Differences the amount control obtained with 
heptachlor with parathion the soils different levels acidity were 
not significant. Also, there was significant difference between the 
infestations the untreated check-plots. However, comparing the mean 
values for the plots that received applications lime seeding time with 
the means for the plots that received lime the rotation program only, 
indicated that heptachlor gave better control root maggots the 
replicates where direct applications lime were made, whereas 
parathion gave somewhat better control the series plots that had 
received lime applications just before seeding. 

The results show that the effectiveness pre-planting soil treatments 
heptachlor parathion controlling root maggot infestations 
rutabagas throughout the growing season was not influenced significantly 
the level mineral soils loam texture within the range from 
5.00 6.68, lime applications time seeding 4000 pounds 
per acre. The highest yields and the cleanest-appearing rutabagas were 
from the sections the experimental area within the range 
5.6 6.4. 


—D. Reap, 
Research Laboratory, 
Experimental Farm, 
Canada Department Agriculture, 
Charlottetown, Prince Edward Island 


March 1960 
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NOTE RESISTANCE DDT THE CODLING MOTH, 
CARPOCAPSA POMONELLA (L.), ONTARIO 


The fact that the codling moth was becoming resistant DDT 
Ontario was suggested the difficulty experienced the Horticultural 
Experiment Station, Vineland Station, Ontario, controlling their 
No. and No. orchards 1957. 1958, spite special emphasis 
spray coverage, per cent the fruit orchard No. was injured 
following six cover sprays DDT. 

Orchards No. and No. had been sprayed annually since 1946 with 
DDT. Another orchard, No. 350 yards the north, had been sprayed 
with DDT only once twice about 1946 and was used the source the 
check strain for laboratory tests. 

This account describes laboratory investigation assess the levels 
susceptibility DDT codling moth larvae from orchards No. and 
No. and subsequent field experiment test the laboratory findings 
and work out practical control program. 

Overwintering larvae were collected trunk bands from orchards 
No. and No. stored outdoors until late February, 1959, and then placed 
rearing cabinet approximately 70°F. When the moths emerged, 
they were transferred wire screen cages where they laid eggs waxed 
paper. The eggs were incubated high humidity plastic bag 
the rearing cabinet. 

The laboratory assay was conducted follows: Wealthy apples 
inches diameter, held cold storage over winter, were washed and dried. 
Each apple was suspended hook and sprayed for one full revolution 
speed r.p.m. with various concentrations per cent DDT 
wettable powder applied with Vilbiss spray gun air pressure 
Turbulence the spray was eliminated exhaust fan 
inches behind the apple. When the deposit had dried, six glass cells, 
mm. diameter mm. height, were affixed the equator 
each apple with latex piece paper bearing single egg 
the blackhead stage was placed each cell and the latter capped with 
square factory cotton attached with the same adhesive. The test 
apples were then suspended racks incubator 70°F. and per 
cent R.H. (Figure 1). Lots eggs unsprayed apples were similarly 
treated serve checks. The cells were examined periodically and the 
results recorded when all eggs the checks had hatched and the larvae had 
penetrated the apples had died, usually within days. From 
eggs were used per dosage per test depending the number eggs 
available. 

The results are represented two the tests comparing the strains 
from orchards No. and No. (Table 1). The two strains showed striking 
differences susceptibility. That from orchard No. appeared 
from homogeneous population susceptible low dosages DDT. When 
the mortalities were plotted probit paper, the points fell close enough 
straight line permit the determination L.C.50 between and 
grams per litre. the other hand, the strain from orchard No. gave 
highly erratic response; the lowest dosage gave per cent mortality but 
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TABLE 1. — PERCENTAGE MORTALITIES! OF CODLING MOTH LARVAE FROM TWO ORCHARDS 
ON APPLES SPRAYED IN THE LABORATORY WITH 50 PER CENT DDT WETTABLE POWDER 


50% DDT Test No. Test No. 
Orchard No. Orchard No. Orchard No. Orchard No. 
Check 


Abbott's formula 


TABLE RESULTS TREATMENTS AGAINST CODLING MOTH ORCHARD NO. 


per 100 gal.? No. plots Percentage 
fruit injured 


50% Sevin, Ib. covers) 26.6 
50% DDT, Ib. (covers 1-2) and 50% DDT, 

plus 25% malathion, (covers 3-7) 45.5 
50% DDT, (covers 1-2, and 50% DDT, 


plus 49% phosphamidon, pt. (covers 3-7) 54.5 
50% Ryania, covers) 82.1 


Difference between DDT-malathion and Sevin treatments significant level; all 
others 

1Guthion — 0,0-dimethy S-(4-oxo-3H-1,2,3-benzotriazine-3-methyl) phosphorodithioate, Chemago Corpora- 
tion, New York; Sevin — 1-naphthyl-N-methyl carbamate, Union Carbide Chemicals Company, White Plains, 
N.Y.; DDT — 1,1,1-trichloro-2,2-bis (p-chlorophenyl)ethane, Geigy Agricultural Chemicals, Yonkers, N.Y.; 
malathion — S-(1,2-bis(ethoxycarbonyl)ethyl) O,0-dimethy! phosphorodithioate, American Cyanamid Com- 
pany, Stamford, Conn.; phosphamidon — 2-chloro-2-diethylcarbamoyl-1-methylvinyl dimethyl phosphate, 
California Spray-Chemical Corporation, Richmond, Cal.; Ryania (Ryanicide-50, a 50% wettable formulation 
of the ground stem wood of Ryania speciosa), S. B. Penick & Company, New York, N.Y. 

2Applied as concentrates at approximately 4X indicated amounts 
$June 5, 16, 26; July 8, 20-21, August 3, 25 
4No fruit left on the trees at time of sixth cover spray 


the highest dosage, times great, gave less than per cent. Although 
plotted probits diverged widely from straight line that the L.C.50 could 
not calculated, was evident that this strain was least times 
resistant that from orchard No. The erratic response the strain 
from orchard No. can explained assuming that the population 
mixture individuals varying susceptibility DDT. 

Field trials were carried out 1959 orchards No. and No. 
which adjoined one corner. These were variety test orchards containing 
large number seedlings and recently introduced varieties with small 
numbers older varieties such MacIntosh and Northern Spy. Orchard 
No. was divided lengthwise into two plots approximately 100 trees each. 
The west half received seven cover sprays per cent Sevin wettable 
powder pound, and the east half pounds per 100 gallons, applied 
with automatic air blast sprayer 400 gallons per acre. Dates 
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application were approximately the same orchard No. (Table 2). 
harvest time the fallen and picked fruits were examined for injury 
each two trees per plot. 

Orchard No. was divided into plots arranged Latin 
square. many trees had been removed the older, southern end the 
orchard, the plots there were made larger contain more nearly equal 
numbers usable trees, which varied from 114. Seven cover sprays 
were applied the dates given Table with automatic air blast 
sprayer four times the conventional concentration. Approximately 
gallons spray were used per acre. Materials and rates application 
are given Table When became obvious, shortly after the second 
cover spray, that DDT would not control the codling moth and that its 
continued use would interfere with production records, three the DDT 
plots pounds per cent malathion was added the pounds DDT 
for the remainder the season. The remaining DDT plot was divided 
into two smaller plots, the south one receiving the pounds DDT 
before and the other receiving pint per cent phosphamidon 
addition the DDT for the remaining five cover sprays. 

three trees each plot all dropped fruits were examined weekly 
oftener for injuries. the end the season the harvested crop also was 
examined and the total injured apples calculated percentage the 
total crop. Percentages were transformed angles and subjected 
analysis variance missing plot technique. 

Orchard No. the percentage injured fruit following seven 
cover sprays per cent Sevin wettable powder pound was 7.7 and, 
pounds, 0.8. 

Results the trials orchard No. given Table confirm the 
high degree resistance DDT indicated laboratory tests. must 
stressed that conditions this orchard provided unusually rigorous 
test the treatments, for moths from the DDT and ryania plots, which 
control was very poor, continually reinfested the other plots, and unusually 
hot weather late August and early September was very favourable for 
deposition eggs and entry larvae. This undoubtedly accounted for 
the rather high degree injury, 26.6 per cent, the Sevin plots this 
orchard compared with 0.8 per cent for the same treatment orchard 
No. additional spray Sevin would have reduced the injury con- 
siderably orchard No. because many the entries were made late 
the season after the regular sprays had been applied. Guthion afforded 
excellent protection against the moths under very adverse conditions. 
Addition malathion phosphamidon the last five cover sprays 
DDT reduced the injury considerably but not nearly enough for com- 
mercial control. 


—R. 
Entomology Laboratory, 
Research Branch, 


Canada Department Agriculture, 
January 18, 1960 Vineland Station, Ontario 
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NOTE THE EFFECT PUMP PRESSURE THE 
PERFORMANCE CONCENTRATE ORCHARD 


Most concentrate orchard sprayers used the Okanagan Valley 
British Columbia are fitted with hollow-cone swirl nozzles, and piston-type 
pumps operating pressure about 300 (3). this pressure 
there considerable abrasion pump, relief valve and nozzle parts (3). 
lower pressures could used satisfactorily, the sprayers could fitted 
with cheaper pumps, and the abrasion problem would less serious. The 
work reported here was undertaken compare spray deposits, and pest 
control, with sprayer pumps operated pressures p.s.i. and 300 p.s.i. 


METHODS 

Two concentrate orchard sprayers common use the Okanagan 
Valley were used for the experiment. Sprayer was single-side sprayer 
that delivered airstream with average velocity, the vent, 115 
miles per hour, and volume 7,000 cubic feet per minute. Sprayer 
was double-side sprayer that delivered airstream with average 
velocity, the vent, miles per hour, and volume 10,300 cubic 
feet per minute per side. Hollow-cone swirl nozzles were used, with disk 
orifices ranging from 3/64-inch 5/32-inch diameter. Each swirl plate 
had two 1/16-inch diameter passageways angle degrees the 
face the plate. The arrangement disk orifices was such that each 
sprayer delivered gallons spray mixture per acre the two pressures 
and 300 p.s.i. 

The experiment was conducted for years commercial orchard 
mature McIntosh apple trees 30-foot 30-foot spacing. Duplicate 
plots about trees were sprayed each pressure, and fifth plot 
trees was left unsprayed check. 1957 the sprays were applied 
Sprayer and 1958 Sprayer The codling moth spray schedule 
recommended for the area was followed throughout both seasons. Sprays 
mites and aphids were applied required. 

Leaf samples, for DDT deposit analyses, were taken May after the 
first codling moth cover spray, and again July after the final cover 
spray. Fifty leaves were picked from the top and fifty leaves from the 
bottom each trees per plot. Tree-top samples were taken feet 
above ground level, and tree-bottom samples feet above ground level. 
Sampling technique, and sample treatment, were the same reported 
Waddell and McArthur (5). DDT was determined modified 
Schechter-Haller procedure (1). 

harvest time 500 apples were picked, random, from each trees 
per plot, and were examined for codling moth entries. Observations were 
made throughout the season the control mites and aphids. 


RESULTS 
With Sprayer the spray deposits leaves, both tops and bottoms 
the trees, were similar and 300 p.s.i. pump pressure. With 
Sprayer the spray deposits leaves the bottoms the trees were 


1Contribution No. 38, Research Station, Research Branch, Canada Department Agriculture, 
Summerland, British Columbia. 


2Pounds per square inch. 
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TABLE 1.—DeEposits DDT FOLIAGE APPLE TREES FROM TWO AIR-BLAST 
CONCENTRATE SPRAYERS OPERATED TWO PUMP PRESSURES. 
(MEANS DETERMINATIONS) 


DDT mmg./sq. cm. 


Sprayer Month Replicate Tree-tops Tree-bottoms 

p.s.i. 300 p.s.i. p.s.i. 300 p.s.i 

3.6 5.6 $.2 

May 3.6 6.4 

Average 3.7 3.4 6.0 

July 2.4 2.4 4.7 5.5 

Average 2.4 4.7 5.3 

May 3.1 5.0 6.7 9.2 

Average 3.0 4.7 6.2 7.6 

July 2.9 6.0 16.4 

Average 4.0 4.5 10.3 14.6 


lower pump pressure. Spray deposits the tops the trees 
were lower pump pressure three plots and higher one plot 
(Table 1). 


Counts codling moth entries harvest indicated there was little 
difference control due pump pressure. Infestation was light 1957, 
there being entries the fruit sprayed plots, and only per cent 
wormy fruit the non-sprayed check plot. However, 1958, the in- 
festation was severe, with over per cent wormy fruit the non-sprayed 
plot. the sprayed plots there was little difference control the 
two pressures: 5.7 and 8.8 per cent wormy fruit plots sprayed 
and and 6.7 per cent plots sprayed 300 p.s.i. 


detailed counts aphid and mite populations were made before 
and after spraying, but control these pests was satisfactory all sprayed 
plots. 

DISCUSSION 

well known that, with hollow-cone swirl nozzles, the drop size 
increases with decrease pressure (2, 4). follows that, with 
operating pressure there will fewer, and larger drops per 
unit area sprayed surface than with 300 p.s.i. However, with the con- 
centrate sprayers used the experiments, when spray was applied the 
rate gallons per acre, pressure p.s.i. gave spray break-up quite 
adequate for pest control. possible, course, that p.s.i. would 
unsatisfactory when fewer gallons per acre are applied when nozzles 
with larger swirl passages are used. 


Further observations, 1959, under commercial conditions, showed 
that good control insects, mites and fungi was obtained with 
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blast sprayer operating 100 p.s.i. pump pressure ith similar sprayers 
operating 300 pressure. 
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NOTE THE EFFECT GIBBERELLIN RED CLOVER: 


The effects gibberellin certain greenhouse-grown forages were 
described Finn and (1) the April 1959 issue the “Canadian 
Journal Plant Science”. the course series experiments which 
had quite different objectives those the aforementioned workers, 
observations were made which extend their results. 

suitable field design was marked out pure stand Lasalle red 
clover its second year, growing Ladner clay near Boundary Bay, 
British Columbia. Ultimate plots, feet feet, were sprayed and 
mowed according predetermined schedule from the time early growth 
May the end the 1959 growing season September. Sodium 
gibberellate? was applied concentration p.p.m. and volume 
300 gallons water per acre; single application was equivalent 
grams active compound per acre. 

The first treatment, applied rosettes May 21, 1959, just the 
commencement the grand period growth, gave most striking results. 
concentration, which the experiments Finn and Nielsen with alfalfa, 
trefoil and ladino clover had given modest response, these experiments 
quickly gave greatly elongated stems and chlorotic leaves. the weeks 
following the initial application, yield increments dropped and the stems 
became thickened, twisted, positively geotropic and indeterminate habit, 
similar, many respects, those alsike white clover. Rows 
adventitious roots spiralled along the stems nearly the apices (Figure 1). 
These responses are variance with those reported Finn and Nielsen 
(1) and Stoddart (2). Accordingly, trials were made the greenhouse 
the winter 1959-60 and again the field the early part the 1960 
growing season. Responses red clover gibberellin under greenhouse 
conditions were very similar those the above-mentioned investigators. 
the other hand, the 1960 field results were just striking those 
obtained 

Gibberellin treatments, similar the first, made the season pro- 
gressed, did not give such striking changes. Stem elongation and leaf 
chlorosis were generally observed and one series plots increased 
dry matter yield was recorded. Effects blossoming, though discernible, 
were difficult interpret. 
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Ficure Red clover showing responses mid-May treatment gibberellin. 
Note the many adventitious roots the stems. 
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Erratum: 


the April, 1960 (Vol. 40, No. issue the “Canadian Journal 
Plant Science”, the paper Semeniuk and Henry entitled “Relative 
decline Ophiobolus graminis, Helminthosporium sativum and Fusarium 
culmorum the soil”, two errors occurred, both page 291. the 
caption for Figure the grams” should have read “J00 grams”; and 
the following paragraph was omitted, inserted after the paragraph 
ending “inoculum amount”: 


Decline Inoculum Natural and Sterilized Soil 

Thirty grams inoculum each the three pathogens were added 
individual pots natural and sterilized soil. The amount the start 
and selected weekly intervals thereafter may judged from the infection 
results shown Table and Figure 


Erratum: 


the April, 1960 (Vol. 40, No. issue the “Canadian Journal 
Plant Science”, the paper Paul Gervais, “Effects cutting treatments 
ladino clover grown alone and mixture with grasses”, Part page 327, 
Reference No. was omitted. This Reference reads follows: 

Tesar, B., and Effect height and frequency cutting the 


productivity and survival Ladino clover (Trifolium repens L.). Agron. 
42:230-235. 1950. 
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The First International Wheat Genetics Symposium was held Winnipeg, 
Manitoba, August 15, 1958. The complete Proceedings this meeting 
have been published and copies may obtained the price $5.00 each 
submitting requests 


Dr. Jenkins, 
Department Plant Science, 
University Manitoba, 
Winnipeg, Manitoba, Canada, 


and enclosing remittance made payable the University 
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